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ARSENIC AND SELENIUM IN RELATION TO THE FOOD ADDITIVE 
LAW OF 1958 


The Delaney clause in the Food Additive 
Amendment of 1958 (Public Law 85-929) 
was designed to protect the public against 
assumed dangers of acquiring cancer through 
foods. It provides “that no additive shall be 
deemed safe if it is found to induce cancer 
when ingested by man or animal, or if it is 
after tests 
for the evaluation of the 


found, which are appropriate 
food 


ani- 


safety of 
additives, to induce cancer in man or 
mal.’”’? The law is specifically directed to 
chemical additives to food. 

The amendment itself precludes scientific 
judgment inthat it provides for no tolerance, 
even for essential nutrients, which may prove 
carcinogenic in huge dosage in one species o1 
another. Certain common foods, food in- 
gredients and products of human metabolism 
have been reported to induce cancer when 
The 


principal dietary influence reported to lessen 


ingested by experimental animals. 
or deter incidence of experimental cancer 
appears from important pioneering studies 
to be calorie restriction (A. Tannenbaum 
and H. Silverstone, Advances in Cancer Re- 
search 1, 451 (1953 


these authors, further research is needed to 


\s clearly stated by 


establish the role of a number of naturally 
occurring minor constituents. 

The complexity of the problem is greatly 
magnified by vagaries in test methods for 
various carcinogenic influences and the true 
significance of any of these for humans. 
The problem is also fraught with emotional 
aspects, even at the scientist’s level, simply 
because too little is clearly known. Public 
anxiety may in turn be engendered by un- 
certainty and inconsistency in administra- 
tion of the law. This sequence appeared in- 
evitable following strict interpretation of the 
amendment (Federal Register 24, p. 4376 


1959)). 
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The question comes whether the tissues 
of food animals ever harbor enough of any 
of the approved feed additives to adversely 
influence other which 


animals consume 


them. Indeed, experiments are needed to 
determine whether the effectiveness of even 
potent carcinogens can be thus transmitted 
from animal to animal. Once we subscribe, 
however, in point of law to precepts based 
on supposition rather than measurement, 
the effects may be disastrous. The bondage 
imposed by the new law appears to bar and 
confuse progress in food production without 
accomplishing its desired goal. This is illus- 
trated in the case of selenium, now reported 
both a carcinogen and a nutrient; also in the 


case of .arsenicals whose long history in 


medicine and agriculture has been repeatedly 


confused by vague speculation and gross 
misinformation. 

Public 
We 
natchee, Washington, provided a basis in 
1941 to 
3.5 p.p.m. arsenic trioxide equivalent on 
certain fruits (P. A. Neal et al., Pub. Health 
Bull. No. 267 (1941 This provided a 
carefully established tolerance for residues 


Extensive studies by the U. 38. 
Health Service of orchardists around 


establish an arsenic tolerance of 


of arsenic on fruits when lead arsenate was 
used as a spray. There was more concern 
about lead in this study, and justifiably so, 
than about arsenic. The same position for 
re-established in ob- 
the Pesticide 
1954. This 


ances for calcium arsenate as an insecticide 


arsenic residues was 
Chemicals 


toler- 


servations for 
Amendment of includes 
for use on vegetables. One pertinent state- 
ment reads, ‘‘Caleulated as arsenic trioxide, 
about 3 milligrams a day can be tolerated 
without hazard to man” (Federal Register 
pp. 6760-6772 (1954)). 
No evidence 


senicals 


; 


inorganic ar- 
the 


impugning 


appeared following above 
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disclosure. Nor was any implication made 
against organic arsenicals at the Symposium 
on Medicated Feeds sponsored by the 
Department of Health, and 
Welfare (Medical p. 136 
(1956)). Use of 
creased greatly with the advent of newer, 


Education 

Encyclopedia, 
inorganic arsenates de- 
more effective agents. Even so, it may be 
noted that residues of organic arsenicals in 
animal tissues are not now accorded the 
same tolerance which applies to some 16 
fruits and 25 vegetables. Concern about 
arsenicals is natural and wise, but when 
properly used few other groups have served 
mankind better in so many ways. 

Both arsenic and selenium became prob- 
lems for investigation and review under the 
above mentioned interpretation of Public 
Law 85-929. Arsenic per se was incriminated 
as an environmental carcinogen in the older 
literature. There appears agreement now, 
however, that ‘“‘arsenic” has not been shown 
to cause cancer in experimental animals. 
(Problems in the Evaluation of Carcinogenic 
Hazards from Use of Food Additives. Na- 
tional Research Council (1960)). 

In a fervent plea for conservatism and 
thoroughness in epidemiologic search to 
find true 
Kennaway (Lancet 2, 769 (1942)) rejected 
historic evidence commonly cited against 
arsenic. In support of this, E. Boyland 
(Nature 169, 554 (1947)) stated: “No 
unequivocal evidence has ever been pre- 


causes of cancer, Sir Ernest 


sented to show that arsenic is carcinogenic.”’ 
Statements of the carcinogenicity of arsenic 
greatly outnumber the denials. Close ex- 
amination of the literature 
that the concept, 
ago, was established 
reiteration until it achieved textbook status. 


how- 
140 
largely by 


reveals, 


ever, once started 


years 


Palmar and plantar keratoses and ab- 
normal pigmentation are occasional toxic 
sequelae of massive arsenite therapy (L. 8S. 
Goodman and A. Gilman, Pharmacological 
Basis of Therapeutics. Macmillan (1955)). 
But only about 20 per cent of patients who 
these arsenite 


develop symptoms of 
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poisoning are also reported to develop 


carcinomas (O. S. Ormsby and H. Mont- 
gomery, Skin. Lea and 
Febiger Neubauer (Brit. J. 


Diseases of the 
(1954)). O. 


Cancer 1, 192 (1947)) reviewed the medical 
evidence, but rounded up only 143 cases of 
“‘arsenical cancer’’ from the world literature. 


All such cases are based on a priori evidence, 
without suitable controls. Many are clearly 
in doubt if only because of the long interval, 
average 18 years, between suspected treat- 
ment and the appearance of cancer. Millions 
of people have received inorganic arsenite 
therapy since its introduction by Fowler in 
1786. Furthermore, such therapy was used 
chiefly for control of psoriasis, pemphigus, 
acne, dermatitis herpetiformis, lichen planus 
and other chronic non-infectious skin ab- 
normalities. Whether any of these conditions 
predispose to skin cancer is doubtful, but 
they uncontrolled 
variable in an already imposing array. In 


constitute one more 
any case, the question comes whether this 
low incidence might be construed as evidence 
against, rather than for the carcinogenicity 
of inorganic arsenites. 

Massive arsenite dosage is still used in the 
treatment of leukemia. The heroic nature of 
such therapy disregards early signs of arsenic 
poisoning (Goodman and Gilman, loc. cit.). 
Arsenite intake in the 16 patients for whom 
records averaged 28 


Neubauer obtained 


g. arsenic trioxide, thousands of times as 
much arsenic as that ingested normally in 
food. 

me. J. Bi FRS, a but 


fanciful writer, first implied carcinogenicity 


Paris, prolific 
of arsenic for cows in 1820, long before there 
was any real knowledge of the causes of 
cancer (Pharmacologia, Third Edition. Lon- 
don (1820)). He further implied that arsenic 
in the fumes of copper smelting works caused 
not only blight of vegetation in the surround- 
ing area and cancer of the rumps of cows, 
but eancer of the scrotum in the smelters, 
similar to that seen in chimney sweeps. 
Henry Butlin (Brit. Med. J. 2, 66 (1892)), as 
part of a magnificent study of the epidemiol- 
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ogy of cancer of the scrotum, visited the 
areas described 75 years earlier by Dr. Paris. 
Butlin eliminated arsenic as a likely cause 
of eancer of the scrotum on logical grounds, 
but suggested instead that repeated exposure 
of workmen to soot, paraffin or tar, without 
good personal hygiene, must lead to this 
unique form of cancer. This careful search 
helped point the direction, decades later to 
discovery of the true carcinogenic hydro- 
carbons in these materials. 

Both Kennaway and Neubauer entreated 
cancer researchers to desist from citing 
evidence for 
But still the 

likened this 


phenomenon to “‘the strange viability of the 


Paris’ writings as serious 


carcinogenicity of arsenic. 
practice persists. Kennaway 
false.” 

The remarkable discovery now, 140 years 
later, is that Paris’ description of toxicity in 
horses and cattle does not fit arsenic toxicity 
at all, but rather is an apt description of 
selenium toxicity, viz., ‘Horses and cows 
commonly lose their hoofs, and the latter 
crawling on their 
knees”’ (see A. L. Moxon, South Dakota Agri- 
cultural Experiment Station Bulletin No. 311 
(1937)). Copper ore is 


are often to be seen 


now an important 
source of selenium. Copper smelting areas 
are apt to be blighted much as Paris de- 
scribed, but sulfur dioxide. 


chiefly from 


Repeated exposure to either arsenic or 
selenium dust may cause redness and burning 
of the skin, but exposure among smelters is 
now carefully avoided. Such exposure might 
well account for Paris’ citation of “a gan- 


Nc Ww, 


experience, 


grenous appearance of these parts.” 
however, after long industrial 
there is no evidence that dermatitis of this 
type ever results in skin cancer. Paris prob- 
ably never heard of selenium but knew ar- 
senic as a toxin. 

Dr. V. R. Potter, Professor of Oncology 
at Wisconsin, that de- 


suggested Paris’ 


scription appeared to fit the symptoms of 


selenium toxicity in cattle. This was con- 


firmed to the author by Drs. A. L. Moxon 
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and QO. E. Olson. All well 
quainted with selenium toxicity in farm 
Thus it that this 
ancient myth, which has played a prominent 
140 years, 


three are ac- 


animals. would appear 
literature for 
should finally be laid to rest. 


part in cancer 


Cirrhosis with adenomas or low grade 


carcinomas were reported in rats held 18 to 
diets 


p.p m. selenium, either as inorganic selenides 


24 months on containing 5 to 10 
or seleniferous grains (A. A. Nelson, O. G. 
Fitzhugh, and H. QO. 
Research 3, 1943 


now categorized as a 


Calvery, Cancer 


230 . Thus selenium is 
But 


selenium recently acquired essential nutrient 


carcinogen. 


status in rats and chicks through the classic 
isolation research of K. Schwarz and C. M. 
Foltz (J. Am. Chem. Soc. 59, 3292 (1957 

and of E. L. Patterson, L. Milstrey 
E. L. R. Stokstad (Proc. Soc. Exp 
Med. 95, 617 (1957)). Prevention of 
dative diathesis in chicks by 


and 
Biol. 
exXu- 
selenium was 
reported by the latter group and by Schwarz 
et al. (Proc. Soc. Exp. Biol. Med. 95, 621 
(1957)). Selenium was then found to prevent 
white muscle disease in sheep on forage 
deficient in this element (O. H. Muth et al., 
Science 128, 1090 

A. L. Moxon (South Dakota 
Experiment Station Bulletin No. 311 (1937)) 
and A. and O. A. Beath (Sele- 
nium. Champlain Printers (1949)) re 
the agricultural problem posed by the high 
14 of 

88, 


(1958)) 


(1957 


Agi cultural 


I’. Trelease 
viewed 
in soils of at least 
our western Moxon 
S/] 1938); Trace hele ments, Pp. 175 
that salts 
experimental selenium toxicity 


selenium content 
states. Science 


discovered inorganic arsenic 
counteract 
in rats. Similar value for arsonilie acid in 
feeds was reported in rats (C. Hendrick, 
H. L. Klug and O. E. Olson, J. Nutrition 
51, 131 (1953)); in chickens (C. W. 
et al., Poultry Sci. 33, 768 (1954)): 
(R. C. Wahlstrom, L. D. 
Olson, South Dakota Agric. Exp. Sta. Bull. 
No. 456 (1956 and tentatively in cattle 
(J. A. Minyard, C. A. Dinkel and Olson, 
J. Animal Sci. 19, “30 (1960)). Thus far, 


Carlson 
in pigs 
Kamstra and 





NUTRITION 


greatest application of this principle has 
come in the use of arsonie acids in rations 
for swine (Wahlstrom and Olson, J. Animal 
Sci. 18, 141, 578 (1959)). Counteraction of 
selenium toxicity by arsenicals appears to 
deserve research support in agriculture. 

The interesting dichotomy for selenium 
goes still farther in that it, like arsenic, has 
been studied at various times as a cure for 
cancer (Moxon and M. Rhian, Physiol. Rev. 
23, 305 (1943)). In any case, the chances 
seem just as great that a relatively high 
dietary level of any such element will reduce 
or deter abnormalities as that it will induce 
them. 

The idea that nature alone provides the 
only proper food for man is both short- 


REVIEWS Vol. 18, No. 6 
sighted and incorrect. Nature is not benefi- 
cent in creating soils in some areas of the 
that plants 
growing there prove toxic to animals which 


world so high in selenium 
consume them. By the same token, however, 
some soils produce forage too low in selenium 
to protect apparent de- 
ficiency of this element. Natural occurrence 


sheep from an 


in foods of nutrients which may also be 
reported carcinogenic poses problems which 
can be readily handled using judgment and 
common sense. Suitable tolerances based on 
knowledge can be worked out. 

Dovuatuas V. Pu.D. 

Head, Nutrition Research Department 

Abbott Laboratories 


North Chicago, Illinois 
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HUMAN GROWTH HORMONE EFFECTS 


T he effect of human growth hormone on nitrogen retention and other 


metabolic bal 


ances was compared with pretreatment control values determined in a pituitary dwarf 


Treatment of human cases of pituitary 
dwarfism has been difficult for a number of 
reasons. Preparations of growth hormone 


from cattle are plentiful but ineffective in 


the treatment of human pituitary deficiency 


states. C, 
124, 
patterns and physical constants of human 
beef 
They believed that the physical differences 
might beef 
the 


H. Li and H. Papkoff (Science 
1293 (1956)) compared amino acid 
and hormone 


growth preparations. 


account for the inability of 
growth hormone to substitute for 
human material. 

J.C. Beck, E. E. MeGarry, I. Dyrenfurth 
and E. H. Venning (Science 125, 884 (1957)) 
compared the metabolic action of growth 
hormones prepared from monkey and from 
human The 


either 


pituitaries. hypopituitary 


patient responded to preparation 
with nitrogen and electrolyte, as well as 
weight gain, indicating a similarity between 
The fact that 


only the human hormone reduced glucose 


these two growth hormones. 


tolerance and the monkey hormone caused 


personality modification and anuria 


sug- 


gested the presence of impurities or inherent 
differences in the action of these two sub- 
stances. 

Other the 
growth hormone have reviewed re- 
cently (Nutrition Reviews 16, 253 (1958)). 


studies of action of human 


been 
In this previously reviewed report, retention 


of nitrogen, phosphorus and _ potassium 


occurred in two male subjects with no 


pituitary insufficiency, and there was a 


small retention of sodium and chloride. 


When fecal 


addition to urinary calcium, one subject 


calcium was considered in 
showed a deficit and the other a positive 
balance for this ion. Furthermore, injection 
of purified human growth hormone into 
three hypophysectomized diabetic patients 
receiving insulin had a marked diabetogenic 
effect in that hyperglycemia, glycosuria and 
ketonuria resulted. 

The 


growth 


number of studies using human 


hormone are comparatively few 
the 
metabolic effects of the pure hormone are 


highly desirable. J. J. Hutchings, R. F. 


and accurate determination of true 
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Escamilla, W. & 
(J. Clin. 
(1959 


and C. H. Li 
Vetab. 19, 759 


highly 


Deamer 
Endocrinol 


administered a 


and 
purified 
human growth hormone preparation to a 
patient with pituitary dwarfism. By zone 
and 
amino acidanalyses, this substance was found 
to be 


electrophoresis, ultracentrifugation 


homogenous. Its growth promoting 
ability, tested in hypophysectomized rats, 
that of the 
hormone. Conventional assays for thyro- 


was comparable to bovine 
tropin, prolactin, adrenocorticotropin and 
gonadotropins showed freedom from these 
hormones. 

The patient, an eleven and one half-year- 
old girl, had been seen earlier at the age of 
eight and three quarters years. The mother 
feet height and the 
father five feet seven inches. At six months 


was five one inch in 
the infant had a respiratory infection and 
weeks. 


After this, there was some slowing of growth 


high fever persisting for several 
and physical development. The diagnosis 
was pituitary dwarfism secondary to en- 
cephalitis. 

\t the time of the first hospital admission 
three 
revealed a low thyroidal I 


at eight and quarters years, tests 
uptake and an 
adequate response to thyrotropin. For this 
reason sodium t-thyroxine was given for 
two anda half years in an effort to improve 
the growth rate. No stimulation of growth 
resulted, but bone maturation improved. Six 
weeks before the present study treatment 
was stopped. 

hormone 


The administration of growth 


was alternated with control periods without 


medication. After an initial control period, 


5 mg. of growth hormone were given daily 
for ten days followed by a one-week control 
(10 
hormone) was given daily for five days, 

week 
the 10 
daily for five 


period. Then a larger dose mg. of 


again followed by a without medi- 


cation, after which mg. dose was 


again administered days. 
Following a final control period of five days, 
2.5 mg. of hormone 


were given daily for 


ten days 
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1600 
of carbohydrate, 70 g. of 
0 g. of fat. The intake of 
sodium, potassium, calcium and phosphorus 


The daily diet intake was fixed at 


calories, 


172 g. 
7 


protein, and 


was also held constant. All urine and stools 
were collected and analyzed. 

During each period of hormone adminis- 
the but 
during each control period she lost weight. 
A striking 


tration patient gained weight, 


decrease in urinary nitrogen 
excretion was observed during each period 
of therapy with human growth hormone. 
This type of immediate nitrogen retention 
does not occur in human subjects when 
bovine growth hormone is used. Aecompany- 
ing this nitrogen retention was a decrease 
in blood urea nitrogen followed by a return 
to control levels when the drug was stopped. 
Although retention of nitrogen occurred at 
all dosage levels, the 5 mg. dose appeared 
to be optimal 

Two methods have been described for the 
preparation of growth hormone, the first 
by M.S. Raben (Science 125, 883 (1957)) 
and the second by Li and Papkoff (/bid. 
124, 1293 (1956)). Both preparations have 
been used successfully in promoting nitrogen 
retention in cases of pituitary insufficiency. 
The preparation of Li and Papkoff was also 
able to normal 
subjects (Nutrition Reviews 16, 253 (1958)). 


promote anabolism in 

In the study under discussion, sodium, 
potassium and phosphorus were retained 
during the periods. 
alkaline phosphatase rose slightly, but the 


experimental Serum 
serum levels of inorganic phosphorus and 
other ions did not change. Calcium balance 
the short 


periods, but when 2.5 mg. of human growth 


was negative in experimental 
hormone were given daily for two months 
the calcium balance became positive. 


blood 


by the administration of 


Fasting sugar levels were not 


altered growth 
hormone and no glycosuria was discovered. 
Glucose tolerance curves, however, were 
higher in both acute and long-term trials. 
Significant changes did not oceur in the 


level of serum protein-bound iodine, or in 
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17-ketosteroids, 
coids or gonadotropin. 


The 


urinary 17-hydroxy-corti- 


administration of human growth 
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hormone produced a growth of 9 cm. over 
a period of nine months in contrast to a 
per year before treatment. 


growth of 3 em. 


FINGERNAIL GROWTH IN HEALTH AND DISEASE 


Var ked individual 


jects 


variation occur 
Certain disease state 
dietary restrictions do not 

Previous studies on nail growth (Nutrition 
Reviews 16, 327 (1957)) have demonstrated 
that 
ducible 


photographic techniques give repro- 
nail growth even over 
The 


growth in males increases from 0.10 mm. 


results on 


short periods of time. rate of nail 


per day in infants to 0.11 mm. in adolescents 
and then gradually decreases to 0.08 mm. 


at the age of 70. Nail growth in females may 


be slightly less. Evaluation of nail growth 


as a measure of nutritional status is in- 
complete but it has been noted that such 
things as chilling, illness or immobilization 
of the digit will reduce nail growth. 

A study of growth of fingernails in infants 
and children by M. 38. (Pediatrics 
24, 225 (1959 photographic 


technique 


Sibinga 
using a 
35-fold 


permitted day to day measurement 


has 
Vari- 


normal 


with enlargement 


ations in nail growth hetween 


adults were large, varying between 1.9 and 


14 mm. per month. Consequently each 


individual must serve as his own control. 


In two groups of healthy young adults 


comprising 81 individuals of both sexes 25 
per cent variation was found, about a mean 
of 0.106 mm. per day. No consistent sex 
differences were found in rate of growth, 
although there were transverse ridges 2 to 
/ mm. apart in the females which might 


correspond to monthly growth arrests. 


However, these were not specifically related 
to menstruation because the studies were 
not carried out over a long enough period 
of time. Such lines were not observed among 
the males. 

Observations on nail growth in ten normal 
months of age showed 


infants under six 


in the growth rate of fingernails ir 


have profound effec 


h unan 8&8 ib 


ts on nail growth while malnutrition and 


the 


Some of these infants were 


average daily growth within range 
found in adults. 
subjects of nutritional studies carried out 
by S. E. Snyderman, A. 


Holt, Jr., (A.M.A. J. 


(1959)) 


Soyer and L. E. 
Dis. Child. 97, 192 
in which single amino acids were 
omitted from the diet over short periods of 
time. They showed no change in nail 
growth despite the fact that gain in weight 
was temporarily arrested 
that 


sensitive 


It would appear 


growth was not a_ particularly 
this 
mental nutritional deficiency. 

B. Schick (Jahrb. Kinderh. 67, 146 (1908 


observed transverse ridging of the nail laid 


nail 


criterion of type of experi- 


down at the time of birth. This ridging was 
three of 14 infants 
week of life. The 
nail growth of 13 premature infants varying 


recognized in only 


studied during the first 


in weight from 1150 to 1900 g. was measured 
over a period varying from 13 to 15 days. 
in the 
full-term 


although the average 


Their nail growth was found to be 
general , that of 


adults, 


same range as 


infants and 
was somewhat lower. The findings did not 
correlate with either birth weight or weight 
gail. 

Observations made by Sibinga (loc. cit 
on 23 patients with measles and high fever 
showed complete arrest of nail growth for 
children 


periods of variable duration. Ten 


febrile tuberculosis had rates of nail 
that 


Single instances of mumps and _ staphylo 


with 


growth were within normal range. 


coccal septicemia produced a cessation of 
nail growth for approximately a week. The 
adults on a 
diet. for 


nail growth of obese 


600-calorie 


seven 


reducing prolonged 
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periods showed growth rates that fell within 
the lower half of the normal range. 

The daily growth of nails was observed 
post mortem in three adults for periods of 
eight to ten days’ duration. For the first 
two or three days after death nail growth 


REVIEWS 


was in the low normal range, while growth 
continued at a somewhat slower rate during 


the remainder of the observation period. 


The author notes with interest that measles 
had a greater depressing effect on 
growth than death. 


nail 


PYRUVATE METABOLISM IN WILSON’S DISEASE 


The abnormal pyruvate levels in the blood of patients with Wilson's 


reduced by giving 
lism in the cells 


The role of increased copper deposition 
the of Wilson’s 
disease (hepato-lenticular degeneration) has 
been discussed earlier (Nutrition Reviews 12, 
198, 304 (1954); 18, 232 (1955); 16, 37 
(1958)). In the therapy of this disorder 
agents are used which free copper from the 


in tissues patients with 


to be excreted in the 
However, a 


tissues and cause it 


urine (cupuresis). poor cor- 


the ob- 
served clinical response and the degree of 


relation has been noted between 
cupuresis. The substances commonly used 
to remove copper from these patients are 
dimercaprol (BAL 
(penicillamine), both containing sulfhydryl 
groups. It is believed that the sulfhydryl] 
groups bind the copper in a soluble form, 
thus to be the 
kidney. 

J. M. (Am. J. Med. 21, 487 
(1956)) that perhaps the 
copper in tissue might block the naturally 
sulfhydryl] 
enzyme systems of 


and pb-mercaptovaline 


allowing it excreted by 
Walshe 
has suggested 


occurring groups in 
the acid 
cycle. If this were so, however, one might 
of the of 
pyruvate into the Krebs cycle and a re- 
sultant accumulation of keto acids in the 
blood. 

Recently L. Hill and J. M. Walshe (Lancet 


II, 444 (1959)) made a preliminary report 


present 
Krebs citric 


expect an interference entry 


on the pyruvate levels in the blood of three 
patients with Wilson’s disease. The first 
individual was a 20-year-old man who had 
been given penicillamine for two years and, 


disease can be 


sulfhydryl compounds, which may be needed for intermediary metabo 


before that, dimercaprol for several months. 
The second patient was a 21-year-old man 
who had received no previous thrapy, and 
the third patient 
had 


months 


was a 13-year-old girl 


who received penicillamine for four 


As 


these investigators chose 


before beginning the study. 
control subjects, 
two male patients (62 and 46 years old) 
who had cirrhosis of the liver and elevated 
pyruvate levels following glucose adminis- 
tration. 

In all the studies, changes in the pyruvate 
levels and after 
loading with glucose. Each patient was given 


were measured before 
50 g. of glucose at zero time and again 30 
minutes later, with blood samples being 
at 0, 60 90 The 


levels of both pyruvate and lactate were 


obtained and minutes. 
determined in the blood samples. To negate 
any effect of a previous vitamin deficiency, 
the patients were given 100 mg. of thiamine 
before the study was started. 

In the first patient, following the glucose 
for removal of 
copper, the pyruvate and lactate levels were 


load and before treatment 


at the upper limits of normal and, therefore, 
this patient was not studied further. The au- 
thors that 
caused by earlier treatment for a very long 


believe these high levels were 
period with agents to remove excessive cop- 
per deposits which freed the bound sulfhy- 
dryl groups necessary for the metabolism of 
the keto acids. 

The second patient had high pyruvate 
and lactate levels in the blood before treat- 
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ment, both in the fasting state and after 


receiving the glucose load. However, after 


receiving penicillamine (900 mg. per day) 
for three days the pyruvate levels returned 
to the upper limits of normal. 

The third patient had a grossly abnormal 
pyruvate tolerance test before treatment, 
but after receiving 900 mg. of penicillamine 
per day for three days the pyruvate levels 
after glucose feedings fell within the upper 
limits of normal. After therapy was stopped, 
it took two weeks for the pyruvate values 
to the high 
When a second course of penicillamine was 
the blood 


to normal. 


attain pretreatment level. 


levels again 
this patie nt 
received a course of treatment with N-acetyl 
the blood 
pyruvate concentrations following the glu- 


given, pyruvate 


returned Later, 


penicillamine and changes in 


cose load were similar to that produced by 
penicillamine. This was of interest since the 
N-acetyl penicillamine does not induce 
increased excretion of copper in the urine. 


The 


cirrhosis 


control patients 
had pyruvate 


tolerances, but these were not influenced by 


who had hepat ic 


also abnormal 


treatment with penicillamine. 
VITAMIN B, IN 


Human malt 


administration of p yridoxrine 


u hich may he poo 


Because of the almost ubiquitous presence 
of vitamin Bs in human dietary constituents, 
a spontaneous By deficiency in the human 
adult very infrequentiy if at all 
(Present Knowledge in Nutrition, The Nu- 
trition Foundation, Inc., New York (1956)). 


occurs 


However, some cases of infant deficiency of 


this vitamin have been studied. For example, 


one proprietary formula for infants was so 
low in vitamin Be that many of the babies 
using it developed symptoms of the de- 
ficiency such as_ hyperirritability, con- 
cases, xanthurenic 
Nutrition 16, 10 


Fortification of the formula with 


vulsions and, in some 
acid excretion ( 


(1958)). 


Re U 1 ws 


in vitamin 
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These investigators believe that the 
beneficial effect of the sulfhydryl chelating 
be 


due to their supplying or unmasking sulf- 


agents in Wilson’s disease may in part 
hydryl groups needed for the intermediary 
metabolism of the cells. It should be noted 
that, while N-acetyl penicillamine does not 
remove copper as indicated by a cuperesis, 
it does cause an improvement in pyruvate 
tolerance, and this may be due to its sulf- 
hydryl groups. While this problem is not 
entirely solved, the investigators are 
studying the effects of other chelating agents 
which do not have sulfhydryl groups. 
Increased levels of pyruvate and lactate 
in the blood following the administration of 
a glucose load were noted by D. Henneman 
and J. P. Bunker (Am. J. Med. 23, 34 
(1957)) in patients with Cushing’s syndrome 
in 


(increased adrenal cortical activity) or 


patients given 17-hydroxycorticosteroids. 
These investigators believed that there was 
conversions of 


and 


steroid rather than an 


a direct inhibition of the 


carbon dioxide acetyl 


he 


effect on the tricarboxylic acid cycle. 


pyruvate to 


coenzyme A by t 


HUMAN MILK 


h, can be effect elu er ched by o 


200 micrograms of pyridoxine per liter or 
removal of the protein prevented the de- 
of the these 
and other studies, it was found that about 
300 de- 
ficiency symptoms in most normal infants. 

According to R. Karlin (Bull. Soe. Chim. 
Biol. 41, (1959)), a de- 


ficiency may very well exist in infants since 


velopment symptoms. From 


micrograms per day prevented 


1085 borderline 


human milk is relatively poor in vitamin 
Be. 
9 


human milk may contain as little as 1 to 2 


During the first few days post partem 


micrograms per 100 ml., while the mean for 
85 normal women from one to seven months 


postpartem was 10.5 micrograms per 100 
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ml. as compared with 76 for cows. It is 
possible that this low value in the milk of 
nursing mothers reflects some special drain 
on their resources during pregnancy, indi- 
cated by the excretion of large amounts of 
pregnancy (M. 
J. Lab. Clin. 
. In any event, Karlin 


xanthureniec acid during 
Wachstein and A. 
Med. 40, 550 (1952 
(loc. cit.) has investigated the most. efficient 
of the ol 
mothers to an acceptable level. 


Gudaitis, 


method raising milk nursing 
Three methods of administration of the 


vitamins were studied. The first consisted 
of an intramuscular injection of 50 mg. of 
the 


intervals 


pyridoxine, after which the level in 
milk at 
for eight days. the 
tablets 


doxine were taken orally 


was ascertained various 
method, 
of 


glass of 


| or second 


four containing 250 mg pyri- 


with a 
water and the. same analyses were con- 
ducted as for the injection method. For the 
third tablets 


taken each day for five days and analyses 


method two or four were 
were performed both during the treatment 
and for six days afterward. In each instance, 


the vitamin was administered in the post- 


PLASMA LIPID 


tographic analyses 
tions of nor? | fing subject 


taken after eating 


The 
about 


blood plasma of a 70 kg. man contains 
50 mEq of fatty acids at any one 
of 300 
meal 
he 
the 
fatty acid pattern of diet lipid and plasma 
lipid. 

W. R. Wilson and J 
Chem. 106, 323 (1934 


in the iodine number of blood lipids after 


time. During the transport about 


from a_ single 
of tat it 


expect. a 


mEq of fatty acids 


containing 3 ounces would 


reasonable to similarity in 


P. Hanner (J. Biol. 


observed a change 


eating, corresponding to the iodine number 
ol cream or cod-liver oil fed to the young 


J. Hirsch, J. W. l’arquhar, M. L. 


subject S. 


of fatty acids from variou 


were compared with the 
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absorptive state, and samples for analysis 
were taken under the same conditions where 
possible. 

the the 
vitamin Bes in the milk increased from 13.5 


Following injection, level of 
micrograms per 100 ml. to a maximum of 
130 at three 


cipitous drop to 


hours, 
13 
more gradual fall to 20 micrograms per 
100 ml. at 


oral dose, milk levels reached a maximum 


followed 
at 


by a pre- 


nine hours and a 
96 hours. Following the single 
three hours 
20 
During the daily 
of Bs 


of about 1000 micrograms at 


and then fell rather slowly to about 
micrograms at seven days. 


oral doses the milk level vitamin 


remained high (100 to 400 micrograms per 


100 ml.) and then fell slowly to about 20 
micrograms six days after the last dose. In 


the oral administration studies, 0.5 g 


g. doses 
appeared to be as effective as 1 g. doses. 
The author has the 
feasibility of enriching the milk of nursing 
ol 


possible 


thus demonstrated 


mothers by oral administration 


Thus 


deficiency in infants is both possible and 


pyri- 


doxine. prevention of a 


practicable. 


FATTY ACIDS 


plasma lip d frac 


same analyses done on plasma 


Peterson and W. Stoffel (/. Clin. Invest. 38, 
1011 (1959)) that 
amounts of unsaturated fatty acids to man 
altered the ol lipids 
This, too, suggested that much of the diet 


observed feeding large 


composition depot 
Fernandes, 
A. Weijers 

tudied a 
found that, 
while significant differences between chyle 


fat was transferred unaltered. J 
J. H. Van de Kamer and H 
(J. Clin. Invest. 34, 1026 (1955 
child with chylothorax. They 


and diet fat remained, the fatty acid pattern 
the 
kind of fat fed during the preceding week. 


of chyle was definitely influenced by 


Long-term feeding of a particular fat with a 
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distinctive fatty acid pattern eventually 
results in alteration of plasma lipid fatty 
acids. 

In order to learn whether plasma lipid 
fatty acids sampled after a meal resemble 
dietary lipid, V. P. Dole et al. (J. Clin. 
Invest. 38, 1544 (1959)) studied fatty acid 
patterns of plasma lipids in fasting human 
subjects as compared to subjects fed corn 
oil, coconut oil or butter. 

Four main plasma lipid 
fatty acids were separated, methyl esters 


fractions of 


formed and analyses completed using gas 
liquid chromatography. When the 
type of gas density balance was used as the 
detector, 3 of methyl 
required necessitating 50 to 75 


early 


mg. esters were 


ml. of 


plasma. Later, analyses using the more 


sensitive argon ionization detector reduced 
the methyl ester sample requirement to 


100 micrograms and the plasma sample to 
10 ml. The fractions, which were isolated 
and analyzed, included chylomicra, non- 
esterified fatty acids, phospholipids and a 
mixture of triglycerides 
esters. 

For 
were taken from human subjects 12 hours 
after 


and cholesterol 


control data, samples of plasma 
animals 
For the 
feeding experiment, fasting subjects were 
bled then fed 100 g. of test fat (corn oil, 
coconut oil or butter) with no other food. 
For three blood 


samples were taken at one half, one, and 


ating and from fasting 


maintained on commercial feeds. 


additional observations, 
two and one half hours in the short-term 
studies, or at three, six and nine hours in 
the longer term studies. 

Symbols were used to identify the numer- 
ous fatty acids present in animal fat. The 
chain length of the fatty acid was written 
first, then the number of double bonds. For 
18:0 


acid, 


example, stearic acid, 
18:1 
Other 


“branched 


represented 
18:2 linoleic 
information stated, 
18:0’’, the 
double bonds was indicated as 18:19". In 


oleic and acid. 


was such as 
while location of 


spite of this simplification, recording of the 
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analyses was complex and it was difficult to 
compare mixtures of fatty acids differing in 
minor components. 

In order to summarize degree of satu- 
ration in any specific mixture of fatty acids, 
the double bond determined. 
This number was the sum of calculations 
made for each individual fatty acid as 
the product of the number of 
double bonds times the per cent by weight 
the 


index was 


follows: 
of fatty acid divided by molecular 
weight of that fatty acid. 

Comparison of the composition of the 
various diet lipids with plasma lipid fatty 
acid patterns in the short-term experiment 
showed no change in pattern before and 
after feeding with one exception; in the 
case of coconut oil there was a rise in lauric 
and myristic acids after the test. meal. 

In longer term experiments, the changes 
were significant but of minor degree. When 
corn oil was analyzed, 34 per cent was 
found to be oleic acid and its isomers and 55 
per Nevertheless, after 
feeding corn oil, the proportion of linoleic 


cent linoleic acid. 
acid in each plasma fraction showed only 
the 


decreased. 


moderate elevation while oleic acid 


remained unchanged or Under 


these conditions, chylomicra showed a 


the 
even though the predominant tendency was 


perceptible effect from dietary load 
to maintain the pattern found in the fasting 
samples. On the assumption that the plasma 
lipid pattern during absorption of diet fat 
was composed of a mixture of dietary fat 
and body lipids with the fasting pattern, 
oleic 
diet 
the 
the 


half the 
the 


proportion ol 


it was concluded that about 


acid of chylomicra came from 


while a much smaller 
other components were influenced by 
diet load. 

The fatty 


noticeably influenced by the diet, but the 


nonesterified acids were also 


fatty acid patterns of phospholipids and of 


triglyceride plus cholesterol esters were 


unchanged. 
In a previous study, A. T. James, J. E. 
Lovelock, J. Webb W. R. Trotter 


and 
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(Lancet I, 705 (1957)) observed that each 
class of blood lipid had a distinctive fatty 
acid composition with relatively small 
variation in concentration of either major or 
minor components. This observation was 
verified in the present study. 

Polyunsaturated acids were highly con- 
centrated in chylomicra. This could have 
been due to the presence of highly un- 
saturated phospholipid or triglyceride com- 
ponents. At any rate, there must have been 
an endogenous source rich in polyun- 
saturated acids. 

The data in the present study may be 
with the study with 
British subjects by James et al. (loc. cit.). 


compared data in 
The phospholipid composition was similar, 
except that palmitic acid was higher in the 
American group while arachidonic acid was 
lower. In the cholesterol ester plus triglye- 
the group had 
33.5 per cent linoleic acid and the British 
12.4 per cent. The 
was 34.7 and the American 26.4 per cent. 


eride fraction, American 


sritish oleic acid level 


These differences may have been due to a 
higher cholesterol-triglyceride ratio in the 
American subjects. 

Dole et al. also examined the fatty acid 
patterns in the serum lipid fractions of the 
sheep, cow, horse, pig and chicken and 
found a surprising similarity despite the 
wide differences in foods eaten by the 
various species. 

I. Bang (Biochem. Z. 91, 111 (1918)) 
observed that the amount of postalimentary 
lipemia depended on the kind of fat and the 
amount fed. A Hiller et al. (J. Exp. Med. 
39, 931 (1924)) noted that 


of fat, such as might be 


moderate loads 
eaten in the usual 
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meal, cause little rise in the lipid concen- 


> 


tration of plasma. Feeding 3.5 g. 


per kg. 
causes a substantial rise in plasma fatty 


acid concentration, however. 

In the present experiment, the moderate 
feeding of corn oil produced a slight rise in 
plasma triglyceride. When coconut oil was 
given, no significant change was seen. All 
subjects showed turbidity of plasma during 
absorption, reaching a péak at six hours. 
Centrifuging the turbid plasma with saline 
layered on top yielded a layer of creamy 
chylomicra, the composition of 
differed from diet fat. 

Several factors might influence the nature 
fatty The 
phospholipid and cholesterol 
ester components would furnish fatty acids 
not related to the 
Furthermore, 


which 


of chylomicron acid pattern. 


presence of 


immediate 
the 
contaminating non-chylomicron lipids would 
influence the pattern of these lipids. Never- 


dietary 


spectrum. presence of 


theless, these particular factors would not 
be enough to account for the large difference 
the fatty 
chylomicra and dietary fat. Phospholipids 


between acid composition of 
and cholesterol esters furnish only about 
10 per cent of the fatty acids in chylomicra. 

The authors offered two possible expla- 
nations for the stability of the fatty acid 
patterns of plasma lipids during absorption. 
One, also suggested by W. R. Bloor (J. 
Biol. Chem. 16, 517 (1913-14)), the 
conversion of fatty acids during digestion. 
The other proposal was that fatty acids 
might be rapidly recycled between blood and 
tissue pools. Experiments by these authors, 
currently in that the 


was 


progress, suggest 


latter mechanism is correct. 


TRACE ELEMENTS AND DENTAL CARIES 


The influence of 


heen tested by injection into ickling rats. 
Various trace elements other than fluorine 
have been studied to determine their influ- 


ence on susceptibility to experimental dental 


everal trace elements on the caries-susceptibility of rodent teeth has 


Most 
with the period after the teeth are calcified, 


caries. studies have been concerned 


although a few have been conducted during 
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tooth development. In one early study, sup- 
plements of zinc, barium and thallium were 
said to cause poor calcification of the long 
bones and a high incidence of tooth decay, 
while supplements of strontium and vana- 
dium promoted good calcification and a re- 
duced incidence of tooth decay (Nutrition 
Reviews 8, 178 (1950)). These data must be 
viewed with skepticism and the same min- 
erals retested under satisfactory experimen- 
tal conditions. 

The whole area of mineral supplements to 
cariogenic diets has been reviewed by J. W. 
Hein (Advances in Experimental Caries Re- 
197. Kdited by R. F. 
American Association for the Advancement of 
D. C. (1955)). He 
pointed out the wide areas of confusion in 


search, p. Sognnaes. 


Science, Washington, 
this field; the variations in response between 
different species of experimental subjects 
and between results from different labora- 
tories, as well as the lack of correlation be- 
tween in vitro trials and in vivo investiga- 
tions. 

The influence of trace elements on tooth 
development is difficult to evaluate in ro- 
dents because of the advanced state of calei- 
fication and eruption at weaning. In most 
studies the trace elements have been added 
to the diet the 
mother, with the realization that the actual 


or the drinking water of 
amount received by the fetus or the suckling 
was unknown and might be reduced to an 
insignificant level in the passage across the 
placenta and the mammary gland. 

In that 
dosage was made available to the suckling 
rat, J. Kruger (Univ. 
Dept. of Dentistry 1, 1 (1959)) has conducted 


a series of experiments in which various trace 


order to guarantee the desired 


of Queensland Papers, 


elements were injected intraperitoneally be- 
tween the fifth and seventeenth days of age. 
In the first experiment, 0.15 mg. of man- 
sulfate in saline solu- 
Fifteen 
unsupplemented controls were kept from the 
litters. No be- 


ganese as manganese 
tion was injected daily into 14 rats. 
difference 


same significant 
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the in the 


observed, although a tendency toward an 


tween rats two groups was 
increased caries incidence among the man- 
ganese-supplemented rats was noted. 

In the second experiment, a solution con- 
taining five minerals was injected into 16 
experimental rats. Each rat received a daily 
supplement of 0.005 mg. of copper as copper 
nitrate, 0.005 mg. of boron as borie acid, 
0.002 mg. of molybdenum as ammonium 
molybdate, 0.05 mg. of fluorine as sodium 
fluoride, and 0.05 mg. of manganese as man- 
ganese chloride. The result of this experiment 
was not definitive, but probably there was 
no important reduction in caries incidence. 
Although a significant reduction at the 5 per 
the ol 
grossly visible carious lesions in the experi- 
the 


total dental caries incidence and the earies 


cent level was observed in numbe1 


mental rats, the two other criteria used, 


score, did not differ significantly between 
groups. 

In the third experiment, the same five ele- 
ments were tested at the same levels. The 
fluoride supplement was tested alone in one 
group, the other four supplements were 
tested together in another group, and all 
five supplements were tested together in a 
third group. A fourth group of controls re- 
ceived only the saline solution. The fluoride 
supplement caused a highly significant re- 
duction in dental caries incidence, but the 
solution with the other four minerals did not 
cause a significant reduction. When all five 


minerals were given in a single injection, 


there was a highly significant reduction, 


which, however, was not as great as when 
the fluoride supplement was given alone. It 
is interesting that the supplement of five 
minerals in this experiment caused a highly 
significant reduction while it had been rela- 
tively ineffective in the previous experiment. 


Unfortunately, beginning with this exper- 


iment and throughout the rest of the paper, 
data 


no raw are presented and the case is 


allowed to rest on the tabulation of statisti- 
cal analyses, This deficiency makes it im- 


good eval- 


possible for the reader to make a 
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uation of the strain and its suitability for 


this type of experiment. 

In the fourth experiment, 60 rats from ten 
litters distributed 
the 


minerals singly and in pairs at two dosage 


were in a complicated 


design to test influence of these five 
levels, that used in experiments two and 
three, and a higher level varying from two 
to five times the lower level. 


different 


Each rat re- 
ceived a treatment combination. 
The results are difficult to evaluate because 
the significance of the reductions varies de- 
pending upon the criterion for evaluation, 
i.e., the number of gross carious lesions, the 
total number of detectable lesions, or the 
caries score. The higher dose of boron caused 
a significant reduction at the 5 per cent level 
as judged by all three criteria. The higher 
dose of molybdenum caused a significant re- 
duction at the 1 per cent level for the num- 
ber of gross lesions, but the reductions for 
the other two criteria were only significant at 
the 5 per cent level. 

Interestingly enough, fluorine at the same 
level used in experiments two and three was 
ineffective when judged by the number of 
lesions and the total number of de- 


gross 
tectable lesions, but the reduction in caries 
score was significant at the 5 per cent level. 
This variability in results suggests that the 
complicated design may have been unduly 
sophisticated for the population of rats under 
investigation. 

In a fifth experiment, another complicated 
design with 16 litters of four rats each was 
used to test the influence of daily supple- 
ments of 0.054 or 0.108 mg. of 
sodium fluoride, 0.005 or 0.025 mg. of boron 


fluorine as 


as boric acid, 0.002 or 0.005 mg. of iodine as 
presumably free iodine, 0.008 or 0.025 mg. of 
aluminum as aluminum acetate and 0.005 or 
0.025 mg. of vanadium as vanadium chlo- 
ride. The rats were given all five elements in 
different combinations of low or high doses, 
and only one rat received a particular com- 
bination. 

Again the results are difficult to interpret 


because of the differences in significance be- 
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tween the number of gross lesions and the 
number of detectable lesions. By both eri- 
the 
level and the increased boron level caused 
dental 
Iodine, aluminum and vanadium were inef- 


teria of evaluation, increased fluoride 


significant reductions in caries. 
fective on the basis of the number of gross 
carious lesions, but vanadium appeared to 
be moderately effective on the basis of the 
number of detectable lesions. There appeared 
to be a mild interaction between fluoride 
and boron when judged by the reduction in 
the number of gross lesions, but no influence 
on the total number of detectable lesions was 
noted. On the other hand, there appeared to 
be a highly significant interaction between 
fluoride and aluminum and between alumi- 
the 
total number of detectable lesions, although 
had the 


number of gross lesions. 
In the 


num and vanadium when judged by 


no interaction been observed for 


sixth experiment, four different 
levels of copper (Irom zero to 60 micrograms ) 
and of boron (from zero to 19.5 micrograms) 
were tested in a replication experiment in- 
volving 12 litters of four rats each, with a 
different level of boron and copper for each 
rat. The results were completely negative for 
both boron and copper. Although the highest 
boron level was slightly lower than the lower 
level used in other experiments, there was no 
suggestion of a trend toward caries reduc- 
tion. The copper level was higher than in the 
previous experiments but did not give any 
further information on the trend reported 
toward a significant reduction 

The author attributed the widely fluctu- 
ating caries values observed in this experi- 
ment to ‘‘some experimental error.”’ Judging 
from the breadth of data on experimental 
the 


experimental error probably lay in the use of 


caries available from other laboratori S, 


a design which was too complicated and 


which employed too few subjects for the 


widely variable population of rats being used 
as the source of subjects 


These 


forts to 


experiments represent sincere el- 


appraise the role of several trace 
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elements in the etiology of dental caries by 
daily intraperitoneal injections of the test 
doses into suckling rats from the fifth to the 
seventeenth day of age. However, the author 
has succumbed to excessive dependence upon 
statistical designs in the effort to test numer- 
ous variables simultaneously. Unfortunately, 
the nature of investigations on dental caries 
and the variability of the average rat popu- 
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lation with respect to caries-susceptibility 
presently preclude the use of such compli- 
cated designs. A similar amount of investi- 
gation using several simple variations could 
have produced results in which more confi- 
dence could be placed. As it is, only fluoride 
and boron appear to be effective, and even 
with these some of the experiments are not 
conclusive. 


BODY WEIGHT AND ENZYMES 


The activities of a number of enzymes in the bodies of a variety of animal species are 


related to the body weight® 75. This 


rate 


Ever since M. Rubner suggested that the 
basal metabolic rate was related to the mass 
of “active tissue”, a number of attempts 
have been made to explain the relationships 
observed (A. Keys et al., Biology of Human 
Starvation, vol. 1, p. 312. Univ. of Minnesota 
Press (1951)). 


stant relationship between the hypothetical 


tubner found a fairly con- 


“active cell surface area’”’ and basal heat pro- 
duction. When he applied the calculations 
developed for man to the mouse, the energy 
expenditure was 11 times as great per square 
meter of active surface as in man. It is inter- 
esting that more recent studies suggest that 
the concentration of certain oxidative en- 
zymes in the kidneys of mice is ten times 
that in humans (Keys et al., loc. cit.). 

A number of years ago, D. L. Drabkin (/. 
Biol. Chem. 182, 317 (1950)) started to ex- 
plore the relationship between body size and 
the concentration of such chromoproteins as 
hemoglobin, myoglobin and cytochrome c in 
the tissues of a number of animal species. 
For the rat, dog, heifer, horse and man, the 
amount of hemoglobin was directly propor- 
tional to body mass, with 12.7 g. of hemo- 
globin in 1 kg. of body weight. In all of these 
species except the horse, the total amount of 
cytochrome ¢ was proportional to the body 
weight®”. There was 3.0 millimole of cyto- 
chrome c per kilogram of body weight®* for 
the above four species, while for the horse, 


relationship is similar to that for the basal metabolic 


the figure was more than five times this. 
When the cytochrome c content in the or- 
gans of man and the rat was determined, it 
was found that 80 per cent of the enzyme 
was present in skeletal muscle, and when 
heart, liver and kidney were also included, 
the value was 93 per cent. 

Drabkin suggested that, in spite of the 
similarity between the relationships of cyto- 


chrome c content and basal oxygen consump- 


tion to the body weight®’, the cytochrome c 
content probably was related more closely to 
than ‘‘basal 


“metabolic capacity’ rather 


metabolism.”’ Data collected and. analyzed 
by Drabkin indicated that in the resting or 
basal state, the oxygen consumption of the 
brain, heart, kidney and liver accounted for 
70 per cent of the total while the muscles 
accounted for only 13 to 16 per cent. Since 
the muscles contained 80 per cent of the cy- 
tochrome c, the concentration of this enzyme 
in muscle was obviously not related to the 
basal metabolic rate of that tissue. 

The above work was extended by H. O. 
Kunkel, J. F. Spalding, G. de Franciscis and 
M. F. Futrell (Am. J. Physiol. 186, 203 
(1956)). They found that the cytochrome 
oxidase activity per unit weight of gracilis 
muscle in adult male rats and female swine 
was related to the logarithm of the body 
weight by a correlation coefficient of —0.97. 
The corresponding correlation coefficient for 
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the ruminants used in the study (adult male 
and castrated male beef cattle and adult 
castrated male and female sheep) was —0.81; 
for all species (numbers of animals not 
stated) the correlation coefficient was —0.89. 

It was found that the activity of the cyto- 
chrome oxidase in each gram of liver was not 
related to the body weights of the rat, sheep, 
swine or cattle. Furthermore, the weights of 
the 
weights of the animals. 


livers were not related to the body 
However, the loga- 
rithms of the total liver cytochrome oxidase 
activity and the logarithms of body weights 
were closely related, as shown by a correla- 
tion coefficient of —0.98. Calculations indi- 
cated that the cytochrome oxidase activity 
was related to the body weight~°7*. On this 
Kunkel et al. “that the 
summated total measurable cytochrome oxi- 


basis, concluded 
dase activity is very nearly proportional to 
body weight to the 34 power and hence, to 
basal metabolism.” 

The observation that the amounts of cyto- 
chrome c and cytochrome oxidase were re- 
lated to the body weights~’”® for a variety 
of species led E. C. C. Lin, R. 8. Rivlin and 
W. E. (Am. J. Physiol. 196, 303 


(1959)) to investigate whether the same were 


Knox 


true for a group of oxidative and non-oxi- 
The the 
amount of enzymes in the bodies of the ani- 


dative enzymes. calculation of 
mals was based on an earlier report by Lin 
and Knox (J. Biol. Chem. 233, 1186 (1958)) 
that 90 per cent of these enzymes were in 
the liver. 

The mice, rats, hamsters, guinea pigs and 
rabbits used by Lin, Rivlin and Knox (loc. 


had 


stock diets with carrot and lettuce supple- 


cit.) been maintained on commercial 
ments for the guinea pigs and rabbits. All 
animals were adults when they were sacri- 
ficed for the determination of the enzymatic 
activities of their livers. 

When the logarithm of the value for the 
enzymatic activity of the body, calculated 
from the value for the liver, was plotted 
against the logarithm of the body weights, 
fairly straight lines resulted. The straight- 
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line relationship extended from mice with 
body weights of 26 g. to rabbits with body 
weights of 4300 g. This was true for the 
phenylalanine-alpha-ketoglutarate, tyrosine- 
alpha-ketoglutarate, and tyrosine-pyruvate 
transaminases, as well as for homogentisate 
oxidase. The values for the phenylalanine- 
pyruvate the para- 
hydroxyphenylpyruvate oxidase activities of 


transaminase and 


the guinea pigs fell below the straight line 
formed from the values of the other animals. 


It was suggested that the low para-hydroxy- 


phenylpyruvate oxidase activity of the livers 
of the guinea pigs was probably associated 
with the excretion of large amounts of para- 
hydroxyphenylpyruvate when _ scorbutic 
guinea pigs are given a dose of tyrosine. 
Calculations indicated that the activities 
of the enzymes were related to the body 
weights with the following exponents: phen- 
ylalanine-alpha-ketoglutarate transaminase, 
—0.54; 


nase, 


phenylalanine-pyruvate transami- 
—0.25; 


transaminase, 


tyrosine-alpha-ketoglutarate 
—0.50;: 
—(),29: 


tyrosine-pyruvate 
transaminase, para-hydroxypheny!l- 
pyruvate oxidase, —0.71; and homogenti- 
—0.73. The the 


activities of phenylalanine-pyruvate trans- 


sate oxidase, values for 


aminase and para-hydroxyphenylpyruvate 
oxidase were excluded from the above com- 
putations since their deviations from the 
straight lines were more than twice the 
standard deviations 

Lin, Rivlin and Knox were impressed by 
the fact that the above values for the rela- 
tionships between body weights and activi- 
—().73) 


were very similar to the value secured by 


ties of the two oxidases (—0.71 and 


previous investigators for the relationship of 
the basal metabolic rate and body weight. 
The values for the transaminases were much 
lower than this. The difference in the values 
for these two sets of enzymes was assumed 
to be related to the fact that the transami- 
nases did not react with oxygen. 

the 


enzymes in the 


It is interesting and intriguing that 
activities of a number of 


bodies of a variety of animal species show a 
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relationship to the body weight which ap- 
proximates the value secured from basal 
metabolic rate data. Whether any physio- 
logical interpretation can be deduced from 
the similarity of the exponents for the body 
weights observed in these two types of data 
is open to question. To attempt to explain 
the basal metabolic rate on the basis of the 
enzyme activity or concentrations would ap- 
pear illogical. It is very likely that the body 
has a considerable reserve of each enzyme, 
and under normal resting conditions prob- 
ably only a fraction of the total enzyme 


NUTRITION REVIEWS 


Vol. 18, No. 6 


content is required for any metabolic reac- 
tion. Such a situation would appear to be 
necessary if the body were to be able to 
assume the tremendous physiological load 
associated with a metabolic energy such as 
severe physical exercise. 

The work of Lin, Rivlin and Knox, how- 
ever, does suggest a means of expressing the 
concentration of enzymes in the body which 
permits a comparison of animals of different 
weight within the same species as well as 


animals of different species. 


AMINO ACID IMBALANCE, II 


Amino acid imbalance 


] 


maximum grou th u ith increasing die far yy tet 


Many have 


increase in the requirement for the most 


investigators reported an 
limiting amino acid in the diet as the dietary 
level of protein is raised. The similarity 
between the condition used to study the 
influence of the dietary protein level on 
amino acid requirements and the condition 
used to observe amino acid imbalances, as 


well as observations that the requirement 


for the most limiting amino acid (expressed 
as a percentage of the diet) may be increased 
in both cases, suggested to S. M. Munaver 
and A. E. Harper (J. Nutrition 69, 58 
(1959)) that the conditions have a 


common basis. Hence they determined to 


two 


study the influence of the protein level on 
the 
effect of wheat gluten, deficient in lysine, 


amino acid requirements by testing 
on the lysine requirement of the growing 
rat. They also observed the influence of the 
dietary level of wheat guten on the dep- 
osition of fat in the tissues and on protein 
digestibility. 

Their report is the second in a new series 
of papers on amino acid balance and im- 
(Harper, J. Nutrition 68, 
(1959); Nutrition Reviews 18, 113 (1960 
Harper regards amino imbalance as any 


balance O05 


change in the proportions of amino acids in 


the diet that results in an adverse effect 


may account tor 


] 


the increase in the lysine ent for 


requiren 


} } 
mL tusine 


ls of wheat glute n, deficient 


which can be prevented by supplementing 
the diet with a relatively small amount of 
the limiting acid or acids 
(Harper, Ann. N.Y. Acad. Sci. 69, 1025 
(1958 Nutrition Reviews 14, 225 (1956); 
17, 122, 282 (1959)). 

In the initial experiments, the rate of 


most amino 


weight gain of weanling rats fed for two 
different 
(from 10 to 88 per cent) of wheat gluten 


weeks diets containing levels 


without supplements of lysine, increased 
stepwise with each increase in the dietary 
level of wheat gluten up to 70 per cent. 
From 70 to 88 per cent there was no growth 
but neither was there a depression of growth 
rate. The rate of gain of rats fed different 
levels (from 10 to 60 per cent) of wheat 
gluten, supplemented in each case with | 
per cent lysine, was maximum when the 
diet contained 30 per cent wheat gluten and 
decreased as the level of wheat gluten was 
increased further. 

that the 
level of lysine needed to support maximum 
the 
gluten was raised, diets containing 30, 47, 


Since these studies suggested 


growth increased as level of wheat 
53 and 60 per cent wheat gluten (0.5, 0.8, 
0.9 and 1.0 per cent lysine, respectively) 
the effects of 


menting each of these with three levels of 


were selected and supple- 
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Data 
that for 
lysine 


lysine were determined. this 


maximum 


from 
experiment indicated 


weight gain the requirement in- 
creased from 0.8 to 0.9 per cent on the 30 
per cent wheat gluten diet to about 1.2 
per cent on the 60 per cent wheat gluten 
diet. Digestibility was not influenced by the 
dietary level of protein. Data from carcass 
analyses indicated that the dietary level of 
protein did not the moisture 


content of the rat carcasses appreciably, but 


influence 


did result in a slight decrease in fat content 


and increase in protein content as the 
dietary protein level was raised. 

While these studies were in progress, N. 
Nath, Harper and C. A. Elvehjem (Canad. 
J. Biochem. Physiol. 37, 1375 (1959)) 
observed that, although only traces of fat 
could be extracted from wheat gluten by 
ether, up to 12.7 per cent of lipid-like 
material (about 65 per cent of which was 
ether soluble) could be 


obtained by con- 


tinuously extracting wheat gluten with 
n-butanol for 48 hours. 

Since this lipid would cause an increase 
of 6.4 calories per 100 g. of diet for every 10 
per cent increase in wheat gluten level, and 
since the lysine requirement of the growing 
rat increases with the caloric value of the 
diet (H. R. Culick, J. 


Animal. Sci. 14, 1221 (1955)), the preceding 


experiment was repeated using diets made 


Rosenbe rg and R. 


isocaloric by the addition of corn oil with 
that containing 60 per cent of wheat gluten. 
Under the 


weight gain of rats fed diets containing a 


these conditions, as_ before, 


particular level of lysine fell off as the 


dietary level of protein was _ increased. 


However, the amount of lysine required to 
support the 


levels of wheat gluten was somewhat higher 


maximal growth with lower 
than observed in the preceding experiment, 
indicating that the effect of wheat gluten 
level on lysine requirement observed previ- 
ously was partly a result of the higher calorie 
content of diets containing high levels of 
wheat gluten and only partly a result of the 
increase in the dietary level of protein. 


The results of the last series of experi- 
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ments, in which diets containing a mixture 
of 30 per cent wheat gluten and 30 per cent 
zein were supplemented with graded levels 
of t-lysine monohydrochloride (0.5 and 0.8 
per cent), confirm the similarity between the 
effect of higher levels of protein and the 
effect of the 
lysine requirement. Replacing 30 per cent 
of the dextrin in the control diet 


amino acid imbalance on 
with zein 
resulted in a significant lowering of weight 
gain. Additional lysine (0.3 per cent) was 
control 
values. The prevention of growth retardation 


needed to return weight gain to 


by a supplement of the most limiting amino 


acid is characteristic of amino acid im- 


balances. 
From their data the authors calculated 
the effect 


gluten on the amount of lysine required for 


of the dietary level of wheat 


weeks’ maximum 


two 


growth by rats 
consuming isocaloric diets containing about 
12.5 per cent of fat. As the wheat gluten 
content of the diet was increased from 30 
to 53 per cent, the lysine requirement for 
maximum gain increased from 1.0 to about 
1.2 per cent of the diet, or from 1.4 to 1.6 
g. of lysine for the whole two weeks. 

Wheat gluten, the authors conclude, is so 
severely unbalanced due to its very low 
lysine level that the lysine it contains is 
not completely utilized. Maximum growth 
cannot be obtained by increasing the level 
of wheat gluten to provide 9.9 per cent 
lysine in the diet. However, if the lysine 
level is increased sufficiently to exceed the 
requirement 
the 
gluten) or by 


slightly, either by increasing 
(80 
supplementing with lysine 


level of protein per cent wheat 
(to 1.2 per cent), a considerable excess of 
amino acids in the diet can be tolerated. in 
fact, wheat gluten, with a biological value 
of only 40, will support maximum growth if 
the level in the diet is increased sufficiently 
to provide about 1.2 per cent lysine. 

From the data acquired in these studies, 
the authors have drawn an analogy between 
the rise in requirement for the most limiting 
amino acid as the dietary protein level is 
the results of amino acid 


increased and 





146 


imbalance. Other investigators have sug- 
gested that the increased requirement for 
the limiting amino acid reflects: (1) increased 
anabolism (J. B. Allison, Physiol. Rev. 35, 
664 (19565)); (2) an alteration in the pro- 
portions of protein, fat and moisture in the 
tissues (H. H. Mitchell, Ind. Eng. Chem. 
Anal. Ed. 16, 696 (1944)); 
increased rate of amino acid catabolism 
(W. D. Salmon, Arch. Biochem. Biophys. 
61, 30 (1954)). 


and (3) an 
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Thus the data of Munaver and Harper 
suggest that imbalance played a significant 
the 
extreme complexity of the problem and the 


role in their experiments. However, 
necessity of viewing each experiment within 
its own context indicate the need for further 
work before firm generalizations can be 
made. Therefore the caution of the authors 
in pointing out 


the analogy is entirely 


justified at this time. 


FURTHER STUDIES OF CHOLESTEROL, FATS AND FATTY ACIDS 


Varying levels of saturated and unsaturated fats, protein and cholesterol influenced 
the chemical composition of chicken aortas. Surprisingly, unsaturated fats as well as 
wheat germ increased serum cholesterol deposition in rabbits. 


So much is published respecting cho- 
lesterol its biochemical interrelation- 
ships that it is difficult to know what facts 


are significant. Moreover, 


and 


there is dis- 
agreement over the relative importance of 
diet, heredity and stressful environment in 
coronary and athero- 
sclerosis. The following studies, however, 
provide valuable information. 

Since the quantity of cholesterol in the 
aorta has been used as a rough index of 
atherosclerosis, H. Fisher et al. (J. Nutrition 
69, 163 (1959)) studied the effects of different 


vascular disease 


fats and of varying quantities of dietary 


and the 


aortas of 


cholesterol 
the 


protein, fat 
chemical 
chickens. 

In the first part of the experiment, day- 


upon 
composition of 


old male chicks were given a normal ration 
for one week and then assigned a particular 
diet 
tained soybean meal (50 per cent protein), 


for ten weeks. The basal ration con- 


dextrose, vitamins and minerals, while two 
levels of protein (8 and 20 per cent), of corn 
oil (2 and 12 per cent) and of cholesterol 
(0.3 and 2.0 per cent) provided the experi- 
mental diet. After weeks on their 
respective diets, the chicks were sacrificed 


ten 


and blood was collected for determination 
the removed, 
cleaned and examined for degree of athero- 


of cholesterol and aorta 


sclerosis. Aortic tissue was analyzed for 
cholesterol, polyunsaturated fatty 
iodine number and hydroxyproline. 

It was found that the lower intake of 
protein greater degrees of 
cholesterolemia irrespective of fat or cho- 
lesterol intake. Thus 0.3 per cent cholesterol 


acids, 


resulted in 


and a low-protein diet resulted in greater 
than 2.0 per cent 
cholesterol and 20 per cent protein in the 
diet, although the 
atherosclerosis of the aorta was greater in 


hypercholesterolemia 


apparent degree of 
birds fed larger amounts of protein. The 
low-protein diet also resulted in aortic fats 
with a number. It 
significant that the quantity of aortic choles- 


lower iodine seems. 
terol correlated negatively with the iodine 
number of aortic fat. 

Visible atherosclerosis was more marked 
in the abdominal aorta than elsewhere. 
Analyses of these aortic tissues revealed 
that a high-protein diet increased the ratio 
of hydroxyproline to cholesterol and hence 
the degree of fibrosis. 

In the second portion of the experiment, 
eight- and 20-month-old chickens were fed 
diets of varying degrees of saturation for 
one year, after which time the birds were 
The 


chickens fed tallow in their diet grew to be 


sacrificed and their aortas examined. 


heavier than those fed no fat or fed linseed 
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oil. Also, plasma and aortic cholesterol 
levels became higher in the older hens and 
they had a higher atherogenic score. Hydrox- 
the aorta 
increased with age and again the lesions 
were more severe in the abdominal aorta 


than in the aortic portions. 


yproline content of abdominal 


These data indicate that the abdominal 
aorta of the chicken is more susceptible to 
atherosclerosis and contains fats which are 
largely saturated. With age and with more 
abundant dietary protein the amount of 
fibrous material Thus the cho- 
lesterol content of the plasma is not the 


increases. 


only factor leading to atherosclerotic lesions 
since, in these studies, the aortas contained 
more hydroxyproline as they became more 
involved. 

These investigators have related dietary 
fats and proteins to the development of 
the chicken. Large 
amounts of protein increase the degree of 


atherosclerosis in 


fibrosis and large amounts of fats lead to 


more cholesterol in aortic tissues, while 
dietary cholesterol seems to augment the 
ease with which lesions can be induced. 

In an effort to compare the degree of 
atherosclerosis induced by hydrogenation 
of fats and that accounted for by degermi- 
nation of cereals, E. Van Handel and D. 
Zilversmit (J. Nutrition 69, 202 (1959)) 
conducted a study in rabbits. Three-month- 
old fed containing 


approximately 300 calories per day. The 


animals were diets 
basal ration was a commercial feed to which 
was added cottonseed oil, or hydrogenated 
cottonseed oil (respective iodine numbers 
112 and 64). Other diets contained generous 
quantities of wheat germ or sucrose. These 
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four groups of animals were given 300 mg. 
of dietary cholesterol and a control group 


was given sucrose without cholesterol. 

All five groups gained weight at approxi- 
mately the same rate. Plasma concentrations 
of cholesterol increased over a period of five 
months in the animals fed either type of 
fat and in those fed wheat germ. However, 
the increase in cholesterol was modest in 
fed with while 
those fed sucrose alone did not increase their 


those sucrose cholesterol, 
cholesterolemia. Examination of their aortas 
revealed that atherosclerosis was minimal in 
the group fed sucrose, moderate in those fed 
sucrose and cholesterol as well as in those 
fed either of the two fats, and highest in 
those fed wheat germ. Hepatic cholesterol 
was high in both groups fed additional fat, 
but the amount of cholesterol in the liver 
did not correlate with that in the aorta. It 
is interesting that one group of litter mates, 
represented in the five dietary 
groups, failed to develop any aortic lesions. 


each of 


This study provides an example of the 
complex nature of metabolic factors which 
regulate cholesterol metabolism. According 
to current concepts, the more hydrogenated 
fats should have increased both the serum 
cholesterol and the extent of aortic lesions, 
yet in this study natural oils had an effect 
comparable to those which had been hydro- 
genated. One also might expect that wheat 
germ, which contains vegetable protein, 
unsaturated fats, several vitamins and trace 
minerals, would protect the animals against 
atherosclerosis, but the opposite occurred. 
It is obvious that there is much to learn 
about the interrelationships of fats, proteins 
and cholesterol. 


GALACTOSE INGESTION AND URINARY EXCRETION OF 
CALCIUM AND MAGNESIUM 


Dietary galactose 


p oduces ETCESSLVE urinary losses of calciun and magne Stumm 


This 


effe ct does not depend spon rate of intestinal absorption. 


The 


diseases 


lessons taught by study of rare 


sometimes prove to be of great 


value in unexpected ways. At one time, 


little concern was given to galactosemia, an 
inborn error of metabolism. Now, however, 
there is good reason to study this con- 
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effect 
have 


dition in order to determine what 
the of 


upon the normal individual. 


metabolism galactose may 
Galactosemia may be classified into three 
In 
begin to vomit, lose weight 
the 


ascites develops. As time progresses, the 


groups. its severe form an infant may 


and become 


jaundiced. Soon liver enlarges and 
victim becomes lethargic, has diarrhea and 
may become blind due to cataracts. A less 
of the be 


ognized when the child is several months 


severe form disease may rec- 
old. Here again symptoms and signs are 
similar; poor appetite, faulty rate of growth 
and hepatomegaly. Cataracts may develop 
as well. In the mild form of the disorder, 
however, the only clues may be an ap- 
parent distaste for milk and better rate of 
growth when the child begins to take solid 
foods. 

In the 
diagnosis depends upon the demonstration 
test. 


Other abnormalities may include low levels 


each of these three instances, 


of an abnormal galactose tolerance 


of blood glucose and renal defects (galacto- 


suria, proteinuria and  aminoaciduria). 
Detailed by A. 
Holzel, G. M. Komrower and V. Schwarz 


(Am. J. Med. 22, 703 (1957)). 


Little attention was paid to lactose or 


studies were presented 


began to 
that these 
animals produced hypercalciuria = (P. 
Handler, J. Nutrition 33, 221 (1947); C. M. 
Me( ‘ay et al., J. Gerontol. 7, 161 (1952)). A 
similar effect of dietary lactose on urinary 
of magnesium was by J. 
Outhouse, J. Smith and I. (J. 
Nutrition 16, 257 (1938)) 

In of this work, F. 
Heggeness (J. Nutrition 69, 142 


studied the effects of feeding galactose to 


galactose until reports appear 


indicating feeding to 


sugars 


excretion noted 


Twe ymey 
W. 


(1959)) 


an extension 


rats upon their ability to absorb and excrete 
calcium. He fed a diet 
21 cent casein, 14 


per cent fat and 60 per cent of carbohydrate 


magnesium and 


which contained per 


(either galactose or glucose) to white rats. 
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Their salt ration contained adequate calcium 


except in the special instances in which 
low calcium intake was desired. All animals 
were pair fed over seven day periods and 
balance studies were calculated for 24-hour 
periods. 

The animals fed galactose gained weight 
slowly in comparison with those fed glucose, 
and they developed polyuria (with galacto- 
the After 
cataracts began to develop. They 


suria) from start. about three 
weeks, 
also consumed much more water than did 
the control animals (60 ml. compared with 
15 ml. per day 

Studies of intake and excretion of calcium 
that fed 


slightly more calcium than 


galactose absorbed 
the 


significantly 
Other rats 


revealed rats 


rats fed 


glucose, but they excreted 
more of this ion in their urine 
fed a diet deficient in caleitum but containing 
galactose also excreted more calcium than 
did fed Thus, 
caleiuria did depend upon 


absorption. 


those glucose. the hyper- 


not intestinal 
found to 
enhance intestinal absorption of calcium, 


Jecause antibioties have been 


lies with 
This 


did result in significantly greater absorption 


Heggeness repeated the above stu 
I 


chloramphenicol added to the diets. 


of calcium by both groups of rats, but had 
no effect on the rates of urinary excretion of 
calcium. 

Urinary losses of other cations were also 
studied. It was found that both sodium and 
excretion were increased | 


potassium V 


galactose feeding, but did not parallel the 
of Whereas 


excretion occurred at 


temporal course ealciuria. 


increased calcium 
once and continued unabated, sodium and 
potassium excretion increased several days 
later. 

the 


almost twice as great in animals fed galactose 


Magnesium excretion in urine was 
as in those fed glucose. Dietary intake of 
this ion was approximately 0.6 mEq per 10 
gv, of food. 


Despite the rapid rate of excretion, the 
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serum of rats fed galactose contained 
significantly more calcium than did that of 
However, serum con- 


did not differ 


the control animals. 
centrations of magnesium 
between the two groups. 
These results indicate that feeding galac- 
tose results in a negative calcium balance 
and presumably would result in deminerali- 
ot the skeleton. Depletion of bone 
ash was reported by A. B. Bonnamour and 
Escallon (Compt. Rend. Soc. de Biol. 74, 1106 
(1913)) who gave daily injections of lactose 
to rabbits for three months. Although bone 
ash was measured by 


zation 


his data 


Heggeness, 


could not be compared since the control 
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animals grew more rapidly than those fed 
galactose. 

The 


increases intestinal absorption, raises serum 


mechanisms by which galactose 
concentration, and causes greater urinary 
excretion of calcium is obscure. However, 
further the 
possibility that renal tubular mechanisms 


it seems logical to examine 
may play a role. 

This report must not be interpreted too 
literally. Nevertheless, it gives the incentive 
to study more closely the interrelationships 
which might be found between milk in the 
diet of adults and the occurrence of hyper- 
ealciuria, nephrolithiasis, and cataracts 


AMINO ACID REQUIREMENTS FOR PROTEIN -DEPLETED CHICKS 


Chicks dé ple ted of protein require more methionine and lysine than normal. but th 


is only a reflection of the 

The concept that there is a fixed quanti- 
tative requirement of the dietary essentials 
has been challenged. In growing infants and 
Scrimshaw, R. Bressani, M. 
Viteri (J. Nutrition 66, 485 


(1958)) found evidence suggesting that the 


children, N.S. 
P 


séhar, and 


optimal quantities of amino acids may vary 
with the physiologic state of the subject. 
Moreover, Bressani, Béhar, Scrimshaw and 
Viteri (Fed. Proc. 17, 471 found 
that the addition of either tryptophan or 


(1958 


lysine to the corn-masa diet of chickens 


with kwashiorkor would induce a positive 


balance. This is in contrast to 
the 


limiting amino 


nitrogen 


results with normal animals when 


addition of either of two 
acids will not only fail to improve nitrogen 
balance but will worsen it 

H. Fisher, P. Griminger and G. A. Leveille 
studied this chickens 
conditions of protein depletion (J. Nutrition 
69, 117 (1959 


22 per 


problem in under 
. They fed a diet containing 


cent of protein to day-old male 
chicks for two weeks, after which time half 
of the chicks diet 
nitrogen for an additional week, while the 


other half were fed the stock diet. Next, the 


were given a free of 


greater need for prote in 


chicks were grouped according to weight and 
fed graded levels of either of the two critical 
amino acids, methionine or lysine. Thus ten 
lots of ten chicks each received five different 
amounts of each amino acid in basal diets 
containing 20 per cent protein. 

It was found that the chicks previously 
depleted of protein, derived added benefits 
from each increment of either amino acid. 
Meanwhile, the normal chicks had a plateau 
in rate of growth at the second level of 
amino acid supplement. 

In an attempt to interpret these findings, 
the authors designed a 
chicks 


amounts ol 


further study in 
fed diets 
protein 


which normal were con- 


taining successively 
smaller than the 20 per cent given in the 
original studies. This was to test the chicks’ 
ability to utilize methionine or lysine only 
to the extent of their optional protein needs. 
By contrast, the depleted birds, requiring all 
of the protein supplied in the 20 per cent 
diet, these 
acids to full advantage 


might utilize limiting amino 


Accordingly, groups of protein-depleted 
and normal chicks were given diets contain- 


ing varying amounts of protein (14 
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per cent for the controls and 16 to 24 per 
cent for the protein-depleted chicks). In 
half of each group, the optimal quantity of 
one limiting amino acid was added (for the 
controls, 1 per cent lysine or 5 per cent of 
the protein level, and for the protein- 
depleted chicks, 1.2 per cent lysine or 6 
per cent of the protein level). 

According to their hypothesis, normal 
chicks fed a diet containing somewhat less 
than 20 per cent protein, but including 1 
per cent lysine, should gain weight as well 
as other normal chicks fed the higher level 
of protein. By contrast, the depleted birds 
should do less well if fed less than 20 per 
cent of protein even though lysine consti- 
tutes 1.2 per cent of their diet. 

The results confirmed the validity of this 
hypothesis in both groups of birds. The 
16 
per cent protein when given 1 per cent 


normal birds required no more than 


lysine (6.2 per cent of the protein). Mean- 
while, the depleted birds needed 20 per cent 
protein and 1.2 per cent lysine (6 per cent of 
their growth 


the protein). Furthermore, 
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be accelerated by increments of 


protein, provided the lysine to protein ratio 


could 


remained constant at 6 per cent. 

results that chicks de- 
pleted of protein require larger quantities of 
methionine of lysine normal 
chicks, but this need is merely a reflection of 


These indicate 


and than 
their greater requirement for protein. In 
ach instance, the amino acid requirement 
could be shown to represent a fixed per cent 
of the total protein requirement. 

In clinical practice, instances of severe 
protein depletion are common, for example 
patients kwashiorkor, 
nephritis and hepatic cirrhosis. It is possible 


in with chronic 
that some of the problems encountered in 
correcting these protein deficiencies involve 
the basic principles set forth above. During 
the stage of protein repletion, the require- 
ment of these patients for essential amino 
acids may be higher than anticipated, since 
their overall protein deficit may be huge. 
If the required ratio of amino acids to 
protein proves to be constant in humans, as 
it is in chicks, this information may be of 
significant value in clinical practice 


COLD AS A LIPOTROPIC AGENT 


Rats maintained at 1°C show decreased liver triglyceride accumulation on a high-fat 


diet but increased liver cholesterol esters when fed a high-cholesterol diet. 


the various nutritional 
different 


importance since 


Studies of 


quirements of 


re- 
of 
the 
be- 


climates are 
practical of 
of are 
coming overpopulated. For example, does 
the apparent preference for high-fat diets 
of those subjected to very low temperatures 


many 


areas most desirable climate 


have a physiological basis? There is con- 
siderable evidence to suggest that it does. 

In rats maintained at 1°C, efficiency of 
protein utilization (on a low-protein diet) 
has been found to be at a maximum with 40 
per cent dietary fat (Nutrition Reviews 16, 
188 (1958)). Moreover, even on this high-fat 
diet, fatty livers did not develop at the low 


temperature. That cold acts as a typical 
lipotropice agent both prevention and 
cure of fatty livers has been demonstrated 
by C. R. Treadwell, D. F. Flick and G. V. 
Vahouny (Proc. Soc. Exp. Biol. Med. 97, 
134 (1958)). 

In a continuation of this study, Vahouny, 
Flick, H. M. Gregorian and Treadwell 
(J. Nutrition 68, 495 (1959)) have carried 
out experiments designed to extend the 
knowledge gained with triglyceride fatty 
livers to cholesterol fatty livers. The diet 
used to promote a deposit of cholesterol 
the of 


in 


esters in livers young male rats 


consisted of 20 per cent casein, 20 per cent 
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fat (18 per cent lard plus 2 per cent cod 
liver oil), 25 per cent each of starch and 
sucrose, 5 per cent salt mixture, 1 per cent 
sodium taurocholate and adequate amounts 
of micronutrients with the exception of 
inositol and choline, which were omitted. 
The experimental diet contained, in ad- 
dition, 2 per cent cholesterol. 

In the first experiment (preventive), 
groups of rats were maintained for 21 days 
on each diet at 1°C and 25°C. The rats kept 
at 1°C had 25 to 40 per cent greater caloric 
intake but gained only half as much weight. 
Moreover, protein efficiencies were greater 
at the higher temperature. Survival at the 
low temperature was 100 per cent on the 
control diet and 87 per cent on the cho- 
lesterol-containing diet. 

At the end of the 21-day period, all the 
rats which had been kept at 1°C and a 
third of those at 25°C were used for chemical 
while half the were 
changed to the lower temperature for a 


studies remainder 
curative study. The change in temperature 
resulted, as before, in increased food intake 
and greatly growth rate and 
protein efficiency. After a further 21-day 
for 


decreased 


period, all rats wee used chemical 
studies. 

As had been noted previously, the liver- 
fat content of rats fed the control diet at 
1°C was significantly lower than in those 
fed the same diet at 25°C, thus confirming 
the lipotropie effect of cold for triglyceride 
fatty livers. However, the liver lipid of 
animals on the cholesterol-containing diet 
was much higher than that of controls and 
those of the low-temperature animals were, 
if anything, higher than those of the 25°C 
animals. 

Analysis of the liver lipids furnished an 
explanation for these observations. In the 
preventive experiment, the effect of cold 
was to greatly decrease the per cent of 
triglyceride of rats on the control diet (from 
about 56 to 18 
phospholipid (from 31 to 67 per cent), thus 


per cent) and increase 
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confirming a more efficient fat catabolism 
at lower temperatures. This same effect was 
noted for rats on the cholesterol-containing 
diet, but in this case cholesterol esters had 
risen from about 10 per cent to 55 per cent 
at 25°C and to about 65 per cent at 1°C, 
It was thus evident that cold did not aid in 
the 
esters, 


catabolism or removal of cholesterol 

In the curative experiment, the same 
effect was noted. Liver triglyceride was 
lowered and phospholipid was raised by 
cold, whereas when the diet contained 
cholesterol the per cent of cholesterol esters 
was even higher in the 1°C animals than in 
those of the higher temperature group. 
Further insight into the effect of temper- 
ature on obtained by 
examination of the blood lipids during both 
experiments. Although blood cholesterol 
was greatly elevated in all animals on the 
cholesterol-containing diet, it was sig- 
nificantly greater at the lower temperature. 

These 


vations that cold acts as a true lipotropic 


cholesterol was 


studies confirm previous obser- 


agent, preventing as well as curing fatty 
the 
lipotropie 
agents. They further show that cold has 


livers induced by a high-fat diet in 


absence of adequate dietary 
neither a preventive nor curative effect on 
the accumulation of liver cholesterol esters 
induced by a high-fat high-cholesterol diet. 
the 
“cholesterol” fatty liver was independent 


The antilipotropic effect of cold on 
of its effect on the ‘‘triglyceride”’ fatty liver 
and was not readily explainable by known 
mechanisms. Since no accumuation of liver 
cholesterol was noted on the low-cholestero! 
diet, it is possible that the effect of cold was 
to increase absorption of dietary cholesterol 
or to decrease its inhibiting effect on liver 
cholesterol synthesis. 

In any event, these findings, if applicable 
to man, should have a considerable influence 
on formulation of diets for those who must 
adapt, even for relatively short periods, to a 


subnormal temperature 
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ALCOHOL AND EXPERIMENTAL ATHEROSCLEROSIS 


Alcohol was fed to cockerels on atherogenic diets in order to determine the effect on 


plasma lipids and on aortic and coronary atherosclerosis. 


At one time there was a widespread belief 
that arteriosclerosis was the direct result of 
while at 
prevailing view that 


excessive alcohol consumption, 


present there is a 
alcohol consumption may prevent or even 
reverse the arteriosclerotic process. Neither 
well 


of these positions is supported by 


existing evidence. Some have suggested 
that alcoholic liver disease may lead to a 
defect in estrogen catabolism and that the 
hyperestrogenism may have a_ beneficial 
effect on arteriosclerosis in some patients. 
Autopsy data derived from alcoholic 
subjects appears to be controversial. S. L. 
Wilens (J. Med. 135, 1136 
(1947)) in a comparison of chronic alcoholics 
drinkers 
could find no differences in the degree of 
atherosclerosis. H. A. Edmondson, E. M. 
Hall and R. O. Myers (Alcoholism. G. N. 
Thompson, Editor. Charles C. 
(1956)) believed — that 


coronary atherosclerosis in their subjects 


Am. Assn. 


with moderate and abstainers 


Thomas 


development of 


was inhibited by alcohol. However, their 
study suffered from lack of adequate control 
material. 

On the other hand, N. Kimura (cited by 
A. Keys, Med. 38, 28 (1955)) 
that in his subjects atherosclerosis 


was more advanced in men using aleohol and 


Minnesota 
found 


tobacco compared with men using neither. 
Victims of 
compared with a healthy control group, 


myocardial infarction, when 
consumed less aleohol but more concentrated 
alcoholic beverages according to a study by 
M. M. Gertler et al. (J. Am. Med. Assn. 
146, 1291 (1951)). Moreover, D. M. § dain 
and V. A. Bradess (Arch. Int. Med. 100, 
228 (1957)) found that 7 
dying of coronary occlusion had a history of 
Thus these 
did not support the concept that alcohol 


per cent of men 


chronic alcoholism. authors 


protected against atherosclerosis. 


In view of the difficulty in evaluating the 
effect of alcohol ingestion on atherosclerosis 
in man, E. Nikkila and O. Ollila (Circulation 
Res. 7, 588 (1959)) have undertaken con- 
trolled studies with experimental animals. 
Leghorn cockerels seven weeks of age were 
divided at random into six groups of 35 
animals per group and fed three different 
diets with and without alcohol. Commercial 
chicken feed only was given to the first two 
groups. Cholesterol (1.5 per cent) was added 
to this diet for the next two groups, and for 
the last two groups 1.5 per cent cholesterol 
was added to a low-protein diet. For those 
groups receiving alcohol, a 7 per cent solu- 
tion was substituted for drinking water 
and the intake adjusted so that blood levels 
averaged about 50 mg. per cent. The intake 


of paired diet groups was identical. 


During the 18 weeks of the experiment 


37 animals died and were excluded. Venous 
blood 
analyzed before the start of the experiment 
the end of five, 11 1S weeks. 
At the end of the period, the birds were 
sacrificed and heart and aorta were evaluated 
The 


problem was the grading of the 


samples drawn after fasting were 


and at and 


grossly and most 
difficult 


atherosclerotic 


microscopically. 
lesions. They employed, in 
modification, a method proposed by E. J. 
Orme (Acta Physiol. Scandinav. 41, suppl. 
142 (1957 the 


linearity of techniques, 


who, criticizing non- 


had 


“descriptive semi-quantitative”’ 


some older 
proposed a 
classification. Aorta and iliae arteries were 
evaluated, and lesions in the thoracic aorta 
and brachiocephalic arteries were graded by 
such descriptions as “‘intact,” “‘slight yellow- 
ness,” and ‘‘marked yellowness.” 

Chemical analyses included total plasma 


cholesterol and aleohol concentration. After 
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electrophoretic of and 
beta-lipoprotein into ten random samples, 
of cholesterol 


separation 


alpha- 
the amount was determined 
in each fraction. 

Total 106 
and 110 mg. per cent before the experiment 


cholesterol a\ eraged bet ween 


started. During the experiment, the choles- 


terol values gradually rose to 126 mg. per 
cent in the group fed the unaltered diet and 
water while in the group receiving this diet 
plus alcohol they rose to 158 mg. per cent. 
The cholesterol-fed groups showed a marked 
initial rise in cholesterol values during the 
a fall by the 


eleventh week and another rise toward the 


first five weeks, followed by 


end of the experiment. The cholesterol-fed 
birds that drank only water had plasma 
312 


while the birds receiving alcohol averaged 


cholesterols averaging mg. per cent, 
376 mg. per cent. Animals fed the choles- 
diet and 
water had a cholesterol level of 309 mg. per 
18 the 


drinking birds averaged 605 mg. per cent. 


terol-supplemented, low-protein 


cent at weeks, whereas alcohol- 
Plasma phospholipid levels were signifi- 
cantly higher in the alcohol-drinking birds 
fed the unaltered or low-protein diet. 
Analysis of lipoproteins revealed that in 
all groups the alpha-lipoprotein cholesterol 
that the 
was solely the 


ass. 


was essentially unaffected and 
cholesterol in 


increase in 


low-density lipoprotein c 
the 
thoracic 


Comparison of severity of athero- 
sclerosis in aorta and coronary 


arteries in the various groups showed that 


did 


the incidence or severity of atherosclerosis. 


aleohol ingestion not influence either 
The control group showed less atherosclerosis 


than either cholesterol-fed group, but it 
made no difference whether a group was fed 
water or alcohol. 

If the grading scale is considered to be 
linear, the plot of the grade of atheromatosis 
the 


grams per cent, plotted on a 


against plasma cholesterol in milli- 


logarithmic 
scale, gives regression lines which in turn 
show that the difference between the slopes 
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is not significant and that aleohol does not 
inhibit deposition of lipid. 

All animals of the first and second groups 
showed normal liver histological structure, 
On the other hand, the low-protein birds 
had vacuolated liver cells and diffuse cell 
boundaries, and the ethanol-fed group did 
not differ from the group fed water. 

Although the high plasma cholesterol was 
correlated with atherosclerosis in the choles- 
terol-fed animals, the accumulation of lipids 
in the aorta did not depend on this variable 
alone. In fact, the animals in this study 
developed similar arterial lesions with w idely 
different 
Wise, the alloxan-diabetic rabbits of G. L. 
Duff and G. C. MeMillan (J. Exp. Med. 
89, 61/1 (1949)) and the estrogen-treated 
chickens of J. Stamler et al. (Circulation 6, 
(60 (1952 


plasma cholesterol levels. Like- 


atheromatous 
the 


also showed 


responses not foreshadowed by serum 


cholesterol level. 
In the 
alcohol 


while chronie 


to 


present study, 


ingestion appeared promote 


hypercholesteremia, it may also have 


protected the arteries against the damage 
usually expected from extreme cholesterol 
elevation. The serum cholesterol differences 
between groups remained statistically in- 
significant the cholesterol 


since plasma 


levels varied greatly within a single severity 


class of atherosclerosis. 

Further study is needed to determine the 
mechanism by which alcohol increases the 
levels of serum cholesterol and phospholipid. 
The experiments of M. D. Siperstein and 
V. M. 126, 1012 (1957)) 


have demonstrated the regulation of choles- 


Fagan (Science 
terol and fatty acid synthesis by pyridine 
nucleotide coenzymes. Since the metabolism 
of alcohol is dependent on DPN, this may 
suggest a possible metabolic relationship 
between cholesterol synthesis and alcohol. 
Further work be 
determine method 


also to 


the 
grading lesions is really sensitive enough to 


will necessary 


whether used in 


be used in a study of this type. 
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SITE OF ACTION OF LACTOSE ENHANCEMENT OF CALCIUM UTILIZATION 


Lactose acts by enhancing calcium absorption from the intestine. Neither lactose nor 


a lactose metabolite act directly on the bone cell. 


The mechanism for improved calcium 
absorption occasioned by the inclusion of 
the diet unknown. 
However, a series of experiments in rats 
varried out by F. W. Lengemann (J. 


lactose in remains 


Nutrition 69, 23 (1959)) have led him to 
conclude that lactose acts in the digestive 
tract and not at some site within the body, 


as previously suggested by P. Fournier 
(Compt. Rend. Acad. Sci. 239, 718 (1954); 
240, 1364 (1955)) and by Fournier et al. 
(J. Physiol. (Paris) 47, 351 (1955)). 

Lengemann, R. H. Wasserman and C., L. 
Comar (J. Nutrition 68, 443 (1959)); Nutri- 
tion Reviews 18, 115 (1960)) have reviewed 
previous work on this topic and studied the 
enhancement by lactose of Ca*® and Sr*% 
absorption in the rat. 

In the present studies, Yale-Wistar male 
and female albino and main- 
tained on a dog chow were fasted for 24 


rats raised 
hours and administered test solutions while 
the animals were under light ether anes- 
thesia. After an additional 24-hour fast, the 
rats were sacrificed, their femurs removed 
and the radioisotope content of the femurs 
determined (Wasserman, Comar and M. M. 
Nold, J. Nutrition 59, 371 (1956)). The 
results were expressed as the percentage of 
administered dose contained in the two 
femurs. 

In the first experiment, rats were given 
orally 0.13 millimole of radiocaleium and 
orally or intraperitoneally 1 
Another group 
sxalcium intra-abdominally and were 


millimole of 
lactose. received —radio- 
com- 
both 
lactose and radiocalcium by the same route. 
The data that 
lactose placed in the intestinal tract had a 
remarkable ability to stimulate 
but 
intra-abdominally. The femur uptake by 


pared with another group receiving 


acquired demonstrated 


calcium 


absorption none when administered 


animals given radiocalcium intraperitoneally 
was not increased significantly by lactose. 
In the second experiment, rats were given 
daily intraperitoneal injections of saline, 
glucose or lactose for two weeks before 
receiving the test oral dose of radiocalcium 
after a 24-hour fast. The data showed that 
long-term predosing with lactose had no 
effect on the uptake of radiocalcium from 
the intestinal tract by the femur. When rats 
were given radiocalcium intraperitoneally 
24 hours prior to the start of a two-week 
period of daily intraperitoneal saline, glucose 
or lactose injections, no statistically signifi- 
differences groups existed 
respecting removal of radiocalcium from the 
femurs. This implies that lactose within the 


eant bet ween 


body has no effect on the removal of calcium 
from the skeleton. 

To eliminate the possibility that a met- 
abolic product of lactose, pro- 
the the walls of the 
intestine, could affect bone cell metabolism, 


possibly 
duced in lumen of 
a third experiment was performed in which 
0.065 labeled with 
Sr® (Langemann, Wasserman and Comar, 
J. Nutrition 68, 443 (1959)) was placed in a 
ligated segment of the ileum of the rat and 
0.25 


adjacent portion. Control animals received 


millimole of calcium 


millimole of lactose placed in an 


Sr*-labeled calcium alone or a mixture of 
lactose and Sr*-labeled calcium. The data 
on uptake of Sr** by the femur showed that 
lactose was effective only when it and 
calcium were present in the same segment, 
implying that no metabolite was involved. 
Since the conditioning of a bone cell by a 
theoretical metabolite might require time, a 
fourth experiment was performed in which 
rats were fed for two weeks a stock ration 
to which either 10 per cent (by weight) of 
had added. The 


animals were fasted 24 hours and given oral 


glucose or lactose been 
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either 
glucose or lactose had been added. Prolonged 


doses of radiocalcium to which 
lactose feeding had no effect on calcium 
uptake by the 


included in the test solution, thus supporting 


femur when glucose was 


the evidence from the previous experiment 


that no metabolite of lactose was affecting 


cell metabolism. the 


response to lactose by rats prefed glucose 


bone Interestingly, 
equalled that of rats prefed lactose, im- 
plying that the development of an intestinal 
flora capable of attacking lactose was not 
of calcium 
the 
enhancing effect could be sustained over at 


essential for the enhancement 


absorption. This also indicated that 


least a two-week period. 

A final group of experiments indicated 
that the enhancing effect of lactose was not 
limited to calcium but was general for the 
Ila (Mg?3, Ba! 


ta”*) of the periodic table. Lysine 


members of group 


srs) 
and 


acted in a fashion similar to lactose (Wasser- 


METABOLISM OF SOME 


The biological half life of thyroid hormones, thyroxine and triiodothyronine 


2.5 days) results 


plasma protein-bound iodine 


The association of thyroxine secretion with 
milk production, egg production and growth 
rate has led to a continuing interest in the 
pattern of thyroid hormone utilization by 
animals. Factors influencing the activity of 
the thyroid have been studied by B. N. 
Premachandra, G. W. Pipes and C. W. 
Turner (J. Dairy Sci. 41, 1609 (1958)), who 
observed that during the summer the secre- 
tion rate of the thyroid is 
that 
These 


pointed 


about one-third 
the 


have 


which prevails during winter. 
investigators 
that, 


triiodothyronine 


same recently 


out since and 
the 


somatic cells of the body, the biological 


thyroxine 
are metabolized in 
half-life and turnover rates are of special 
importance (/bid 42, 1606 (1959)). 

It has been shown that triiodothyronine, 


ILODINE-CONTAINING 


in the build up of a body pool. Dietary factors 
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man, Comar and Nold, J. Nutrition 59, 
371 (1956)) except that it did not enhance 
the absorption of magnesium, suggesting 
that the 
lysine may differ. 


modes of action of lactose and 

The author has done an effective job in 
demonstrating that lactose per se in the 
tissues of the rat had no effect on absorption 
of calcium from the intestine or the dis- 
tribution of absorbed calcium and that for 
two weeks lactose was unable to prime any 
possible mechanism which would enhance 
calcium utilization. Thus his data suggest 
that lactose acts primarily in the digestive 
tract. As in the case of many other nutrients, 
the importance of investigating further the 
role of the small bowel in absorption and, 
in some instances, metabolism is emphasized. 
Although the difficulties of 


small bowel in vitro and particularly in vivo 


studying the 


are great, work such as this suggests that the 


rewards of surmounting these difficulties 


would be great. 


COMPOUNDS IN CATTLE 


about 


influence the level of 


the removal of 


iodine molecule from thyroxine, may be as 


which is formed by one 


active or more active 
(J. Gross and R. Pitt-Rivers, Biochem. J. 
63, 652 (1953)). The further deiodination of 
triiodothyronine 


than thyroxine 


will result in inactive 
compounds, but the iodine which is released 
may be picked up by the thyroid or it may be 
secreted in the urine. Thyroxine itself may 
be excreted in the bile and reabsorbed from 
the intestinal tract. With these alternatives, 
the biological half-life of L-thyroxine and 
L-triiodothyronine is of great physiological 
importance because it establishes the level 
of biological activity of these compounds 
in the animal body. 

Presumably, if the rate of disappearance of 
thyroxine is extremely rapid, then the rate of 
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would the 
effective blood thyroxine level. In this case, 


thyroid — secretion represent 
the picture would be similar to that with 
the (W. H. 
Pearlman, Ciba Colloquia on 
Endocrinology 11, 233 (1957)). On the other 


hand, elimination of only part of the thyrox- 


some of steroid hormones 


Foundation 


ine secreted each day would permit an 


accumulation of thyroxine and _ triiodo- 
thyronine in the blood and tissues, and the 
biologically effective pool in the body would 
be greater than the daily thyroxine secretion 
rate. 

By ['*!_labeled 
triiodothyronine, Pipes, Premachandra and 
Turner the 
half-life compounds 


Guernsey 


use of thyroxine and 


(loc. cit.) studied biological 


in mature 
To 


recirculation of metabolized iodine from the 


of these 


and Jersey cows. prevent 
thyroxine and triiodothyronine, thiouracil 
was administered daily to serve as a thyroid 
block. They administered between 200 and 
100 microcuries of labeled compounds and 
assumed that the disappearance of radio- 
activity from the blood represented the 
amount of thyroxine I'! which had been 
excreted as such, or deiodinated, and the 
['*! excreted. 

‘rom these data the rate of metabolism of 
thyroxine was computed and the biological 
half-life estimated by extrapolating to zero 
the It 
apparent that, in contrast to the effect of 
temperature on thyroid secretion, different 


time from observed values. was 


temperatures did not significantly influence 
the biological half-life or the turnover rate of 
thyroxine. Thus similar biological half-life 
values of 2.54, 2.31, 2.65 and 2.41 days were 
obtained in spite of average daily tempera- 
tures of 47°, 53°, 71 


The corresponding turnover rates were 27.6, 


and 73°, respectively. 


30.1, 26.7 and 29.2 per cent. 

There appears to be a significant difference 
in the biological half-life and turnover rate of 
triiodothyronine and thyroxine. In March of 
1958 when the study was being carried out 
on thyroxine, a study was also carried out on 
triiodothyronine ['*! which demonstrated a 
half-life of 1.99 and a 


biological days 
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turnover rate of 35.3 per cent for this 
compound. 

It may be concluded that, as a result of the 
relatively slow metabolism and secretion of 
thyroxine, there is a build-up of thyroxine 
in the blood and total body space to a level 
significantly higher than the daily thyroxine 
secretion rate. When there is constant daily 
thyroxine secretion, varying according to 
the 


correspondingly. 


temperature, body thyroxine 


With 


thyroxine secretion, the body pool increases 


pool 
changes increased 
slowly, whereas when thyroxine secretion 
decreases, the pool rapidly declines. 
These observations are of particular im- 
portance in instances where thyroprotein is 
fed to animals to increase the effective level 
of thyroid activity. The authors present an 
fed of 
thyroprotein per day required 22 days to 


example in which animals I5 g. 


reach they 
secreted 5 mg. of thyroxine per day per 1000 
pounds of 


apparent equilibrium when 
effective 
body thyroxine pool of 38.6 mg. On the 


body weight with an 


other hand, complete withdrawal of thyro- 


the to 
previous level of 12.7 mg. in 3.9 days. 


protein returned body pool its 

This observation undoubtedly accounts 
for the precipitous drop in milk yield which 
occurs when thyroprotein is suddenly 
withdrawn from the diet. The time lag in 
resumption of thyroxine secretion is prob- 
ably directly responsible for the drop in 
mammary gland activity. 

R. O. Asplund, G. A. McLaren, H. O. 
Henderson and |. D. Porterfield (J. Dairy 
Sci. 42, 1718 (1959)) observed plasma pro- 
(PBI) cattle 


which were considerably, above those gen- 


tein-bound iodine levels in 


erally regarded as normal: These high values 
were all the more significant since they did 
result high-iodine intake nor 


not from a 


from any known substances possessing 
thyroid activity. In this respect, their study 
differed from earlier reports of J. F. Long et 
al. (J. Dairy Sci. 35, 503 (1952)) and Long, 
L. O. Gilmore and J. W. Hibbs (/bid. 39, 
1323 (1956)), PBI 
Vi 


ilues or 


who observed elevated 


when either iodinated casein 
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potassium iodide was fed to cows. A similar 
effect was observed by J. P. Mixner and H. D. 
(Ibid. 41, 840 (1958)) when 
thyroid hormones were used in the treatment 


Lennon, Jr., 


of young bulls. 
In the study by Asplund and co-workers, 
PBI 


occurred during late winter and spring of 


the abnormally high values always 
each year. The values varied much more in 


calves than in cows, while the extremely 
high values (45 ug. per cent) were found 
only in the calves. The periods of elevation 
were shown to have a regular pattern; in 
both 1957 and 1958 the values reached a 
peak in March and then declined. 

These investigators separated the plasma 
PBI into the active (7) (D) 


fractions and found no evidence of a patho- 


and inactive 
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logical thyroid state, although the thyro- 
much than 
the 
g. per 
to the 
period when Ladino clover and grass silage 
were fed, suggest that the 
silage was probably only one factor con- 
tributing to the elevated PBI values. 

Both the 
importance of environmental factors and of 
dietary the function 
thyroid and of thyroid hormones. The close 
relationship 


active fraction was higher 


enough, while 
high plasma PBI values (20 to 25 ug 


normal. Interestingly 


cent) corresponded very closely 


these workers 


of the above studies indicate 


constituents in of 


between thyroxine secretion 
and milk secretion emphasizes the need for 
critical of the 
governing thyroxine and _ triiodothyronine 


function. 


evaluations mechanisms 


BODY COMPOSITION AND ENERGY METABOLISM 


; 


Variations in body fat occ rats 


D ring 


in 
uniform conditions 


sprrato 


lated fron i data 


An of 


directed toward the determination of gross 


increasing amount work is being 
hody composition. This is true both for 
(Nutrition 14, 
- 16, 14, 199 (1958)). 


Although some of the previous techniques 


and Reviews 


267, 298 (1956 


animals 


/ 


LD, 98. 


man 


could be used in evaluating the composition 
of body weight changes (A. Keys et al., The 
Biology of Human Starvation, vol. 1, p. 84. 
Univ. Minn. Press (1950)), there have been 
practically no studies in which these changes 
in body weight have been validated by 
actual analyses. 

An interesting method for evaluating the 
body en 
presented by A. W. Pratt and F. K. Putney 
(Am. J. Physiol. 197, 660 (1959)) of the 


National Cancer Institute. They calculated 


changes in composition been 


the composition of intact rats from the data 


secured in an energy and nitrogen balance 


study carried out in an ingenious respirome- 


ter (J. Nat 
The body 


( ‘ance 4 


In 20, 161 


composition calculated 


(17958)). 


by this 


of uniform weight when wei 


ght is inde? 


increase 1 


apid q owth, composition of we ight gained can be calcu 


procedure at the end of the experiment was 
validated by carcass analyses. 

As soon as their rats reached weights of 
80 to 90 g. they were put on a purified diet 
of casein, corn starch, sucrose, hydrogenated 
vegetable oil and all the essential minerals 
and vitamins. Groups of rats were sacrificed 
when they attained weights of 150, 200 
250 and 300 respectively. The gastro- 
intestinal contents were removed from the 


vo 
a 


then ground and 


dehydrated to constant weight 


carcasses which were 


by lyophili- 
zation. The dry residue was 


ground and 


analyzed for nitrogen, lipid and caloric 
content (the latter by means of the bomb 
calorimeter). 

The that within each 


weight group, the weights of the cleaned 


results indicated 
carcasses were fairly uniform. There was, 
the 
composition of the carcasses. The greatest 


however, considerable variation in 


variation occurred, as one would expect, 


in the fat content. For instance, in the rats 


weighing 200 g., the fat in the dried carcass 
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ranged from 30 to 43 per cent. This variation 
appeared in spite of the homogeneity of 
genetic background, the uniformity in diet 
and environmental conditions under which 
the animals were raised. 

The fat-free little 
variation in composition except for water, 


carcasses showed 
which decreased from an average value of 
78 per cent in the 150 g. rats to 74 per cent 
in the 300 g. animals. The nitrogen in the 
134 


to 140 mg. per g. with an average of 137. 


dried fat-free carcasses ranged from 


Similar variations in nitrogen content were 
seen in each weight group. When nitrogen 
values were translated into percentages of 
protein (N X 6.25) and corrected for the 
moisture, the fat-free 
increase in protein from 18.8 to 


showed 
on 


tissue an 
.d per cent 
as the animals went from a body weight 
of 150 to 300 g. There was a greater variation 
in ash content both within each weight 
group and for all animals. The ash content of 
the dried, defatted carcasses ranged from 
135 to 160 mg. per g. with an average of 
148. 

The caloric content of the dried, fat-free 
tissue ranged from 4.5 to 4.7 Keal per g. 
with an average of 4.65; that of the extracted 
fat ranged from 9.2 to 9.4 with an average of 
9.28 Keal. The extracted fat contained less 
than 1.5 mg. per g. of nitrogen. 

The nitrogen content of the dried carcass 
was plotted against its caloric value. When 
for all 16 
prisingly straight line resulted. Since it was 
felt that 
(extracted fat and fat-free tissue) could be 


this was done animals, a sur- 


the values for the two extremes 


determined with the greatest accuracy, they 
the 
This straight line relationship suggests that 


were used in plotting relationship. 
the dried carcass can be considered a mixture 
of fat and nonfat, thus permitting the addi- 
tion of the values for per cent of fat along the 
axis for nitrogen content. The values for fat, 
of course, decrease as the nitrogen content 
increases. 

other 


Careass analyses carried out on 
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that had been raised commercial 
stock or purified diets provided data which 


fit the 


rats on 
relationship 
fairly well. Replicate analyses indicated 
that the of for the 
nitrogen determination was 1.25 mg. per g. 
while that for the 
0.05 Keal per g. These errors are smaller 


above straight line 


error measurement 


bomb calorimeter was 


than the observed deviations of individual 
animals from the straight line, suggesting 
that there are probably unexplained varia- 
tions in body composition that account for 
the deviations. 

To measure the caloric value of the tissue 
gained during growth, five male rats were 
kept for eight days in the respirometer. From 
the oxygen consumed by the rats and the 
the 
value and the nitrogen content of the weight 


water and nitrogen retained, caloric 


gained was calculated. The weight gains of 
these rats ranged from 36 to 64 g. for the 
eight days. When the values for the caloric 
and nitrogen contents of each gram of weight 
the 
mentioned straight line, it was observed that 


gained were compared with above 
the fat contents of the weight gains ranged 
from 15 to 41 per cent. 

This procedure was validated primarily 
on circumstantial evidence. One such bit of 
the fact that the 


water content of the weight gained was less 


evidence is calculated 
than the lowest percentage of water found 
in the fat-free mass of the whole animal. 
This 


moisture 


would occur necessarily, the 

of the fat-free ec 

decreases with increase in body weight. 
The data 


means of computing the composition of the 


since 
content arcass 


use of energy balance as a 
weight gained or lost by the animal during a 
period of observation in a respirometer is an 
interesting projection of a technique that is 


With the 


increasing emphasis on energy metabolism, 


being used more frequently. 
the paper by Pratt and Putney should serve 
as a stimulus for the elaboration and ex- 
the that 


secured in respiratory and balance studies. 


tension of determinations are 
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Gordon Research Conference 


The 1960 Gordon Research Conference 
on Food and Nutrition will be held August 
8 to 12 Colby Junior College, New London, 
New Hampshire. scheduled 
discussion include the following: 

August 8—The use of a chelating agent 
in food 


Topics for 


characterization of 
flavors by gas chromatography; radioactive 
tracers for screening new food additives for 
safety; the new regulatory control of food 
additives. 
August 9 


processing ; 


biochemical 
parameters of 


Correlation of 


measurements with other 


nutritional clinical 
observations with nutritional status; inter- 
pretive guides for 
survey 
pretation. 


status; correlation of 


nutritional appraisal; 


dietary techniques and _inter- 

August 10—Amino acid imbalance; amino 
acids in blood plasma as an indication of 
biological value of proteins; use of water- 
soluble, chemically defined diets in studies 
of nonessential and in vivo 
metabolic processes; food technology and 


amino acids 
the availability of dietary amino acids. 

August 11 
of atherosclerosis in man by dietary means; 
lack of the prevention of 
atherosclerosis in man by dietary means; 
experimental production of severe protein 
malnutrition. 

August 12 
properties of dietary fats; 


Evidence for the prevention 


evidence for 


Effect of processing on the 
nutritional and 
metabolic effects of radiation. 

Requests for attendance at the confer- 
ences, or for additional information, should 
be addressed to W. George Parks, Director, 
Department of Chemistry, University of 
Rhode Island, Kingston, Rhode Island. 
After June 13 Dr. Parks’ address will be 
Colby Junior College, New London, New 
Hampshire, 
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NOTES 


Oxalate Formation in Hyperoxaluria 


In the bodies of animals oxalate can be 
formed from glyoxylate, which is one of the 
compounds produced in the metabolic degra- 
dation of the amino acid, glycine. Patients 
who have a disease called primary hyperox- 
aluria normally excrete large amounts of 
oxalate in the urine (100 to 400 mg. per day), 
and the resulting precipitation of calcium 
oxalate crystals leads to kidney damage. 
Prognosis for such individuals is not good 
and they usually die in childhood or early 
adult life from either kidney failure or the 
effects of hypertension. 

Recently, J. C. Crawhall, E. F. Scowen, 
and R. W. E. Watts (Lancet II, 806 (1959)) 
have studied the role of glycine as a precur- 
sor of urinary oxalate in both patients with 
hyperoxaluria normal individual 
(Crawhall, R. R. DeMeobray, Scowen and 
Watts (bid. II, 810 (1959)). 

The subjects were given isotopically la- 
beled glycine with the tagged carbon in the 
carboxy position; the stable isotope C” was 


and a 


used. These investigators studied the con- 
version of glycine in the first glycine meta- 
bolic pool (that pool into which a dose of 
glycine is immediately mixed after absorp- 
tion and distribution and can be estimated 
by the amount of isotope in the uncombined 
urinary glycine). 

They concluded that from 32 to 50 per 
cent of the urinary oxalate in patients with 
hyperoxaluria was derived from glycine of 
the first metabolic pool, while in the single 
normal individual, 40 per cent of the urinary 
oxalate was derived from the glycine pool. 
Thus these investigators believed that about 
one third to one half of the urinary oxalate 
was derived from glycine, and that this con- 
version probably occurred by way of glyoxy- 
late. In patients with hyperoxaluria, the iso- 
tope dilution studies indicated that about 
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the same proportion of urinary oxalate is 
being derived from glycine as for the normal 
subject. 

The authors believe that the fundamental 
defect in hyperoxaluria is probably a failure 
to degrade glyoxalate rather than an in- 
creased rate of production. If there were an 
increased rate of metabolism of glycine by 
way of glyoxalate, one would expect a high 
urinary oxalate excretion with a larger iso- 
tope incorporation in the patient with hyper- 
oxaluria than in the normal subject. Thus 
the investigators draw the tentative conclu- 
sion that the primary error is a failure to 
degrade glyoxalate in the normal manner. 


Coronary Disease and Serum Lipids 


Numerous 
that the 


concentration of 


demonstrated 
the 


reports have 


average values for serum 


cholesterol and several 
lipids are higher in groups of patients who 
have coronary disease than they are in 
normal groups of persons. In a recent study, 
W. R. Searborough, E. W. Smith and B. 
M. Baker, Jr., (Am. Heart J. 59, 19 (1960)) 
that 


lesterol, alpha-2-globulin and beta-lipopro- 


demonstrated serum levels of cho- 


tein, and _ ballistocardiographic — tracings 
heart 
disease. They studied 165 normal subjects 
115 


disease 


correlated with age and 


coronary 


and patients with coronary heart 


212 men and 68 women), ranging 


from 20 to 30 years of age. Values of serum 


cholesterol, alpha-2-globulin and beta-lipo- 
proteins were plotted in distribution curves 


according to the age and sex of the patients. 
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Ballistocardiograms were performed and 


were classified as normal, borderline or 
abnormal. 

The authors found that, normally, the 
serum cholesterol rose progressively with 
age, reaching a maximum in the seventh 
decade and declining thereafter. A similar 
trend was found in patients with coronary 
disease, but the values were significantly 
higher and reached a maximum at an earlier 
age. Changes in the lipoproteins were found 
to vary widely, but abnormalities of beta- 
lipoprotein and of alpha-2-globulin were 
considerably more frequent in the presence 
of coronary heart disease. Moreover, all of 
these factors became abnormal more fre- 
quently with increased age. 

This study demonstrated that the serum 
and 


cholesterol the alpha-2-globulin and 


beta-lipoproteins correlated significantly 


with increasing age and with coronary 


disease. Correlation between an abnormal 


ballistocardiographic tracing and_ these 


chemical determinations was doubtful. 


5 uild anc oot ressure Study 
1959 Build 1 Blood P Stud) 


Volume I of the 1959 Build and Blood 
Pressure Study, prepared by the Committee 
on Mortality under Insurance 


and Annuities, was published last October. 


Ordinary 


It contains a description of the findings of 
the study and summary tables. Volume II 
of this study is to appear shortly and will 
detailed tables. Order 
should be addressed to Society of Actuaries, 
208 South La Salle Chicago 4, 


Illinois. 


contain requests 


Street, 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manu- 
facturers in December, 1941, as a sincere expression of their interest in 
scientific progress and human health. The basic purposes of the Founda- 
tion are: (1) the development of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition, and (2) 
the support of educational measures that will assist in making the science 
of nutrition effective in the lives of present and future generations. 


The publication of NUTRITION REVIEWS has been undertaken to 
enable professionally trained people to keep abreast of current progress 
and to have available an unbiased, authoritative review of the current 
research literature in the science of nutrition. 


The Editorial Staff has been carefully selected so that the publication 
will merit, in reasonable degree, the confidence of the medical profession 
and others who work directly with the public in the field of nutrition. The 
service provided by the publication is distinct from that of an abstract 
journal, a review for laymen, or an extensive scientific review. Since the 
reviews as originally prepared by a member of the Editorial Staff are fre- 
quently modified by special referees and may be further modified by the 
Editorial Office in preparing final copy for the press, the Editorial Commit- 
tee feels that it is preferable not to affix the names of Editorial Staff mem- 
bers to individual reviews. There is thus a high degree of group responsi- 
bility on the part of the Editor and Associate Editors. 


Signed articles do not necessarily represent the opinion of the Editorial 
Staff. 








